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ABSTRACT 



The failure point of a unidirectional composite subjected to longi- 
tudinal shear loading is calculated. The method of analysis is based on 
the finite element technique, the incremental plasticity relations of 
Prandtl-Reuss, and the von Mises yield criterion. The failure point for 
a boron-aluminum composite and a boron-epoxy composite were computed to 
determine the effect of the matrix material on the composite. 
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I INTRODUCTION 



The need for material possessing a higher strength to weight ratio 
has become abundantly clear to modern industry. Existing materials 
satisfy the present high strength-low weight requirements (high per- 
formance), but composite material technology, still in its infancy 
promises to raise the standards of high performance even higher. Com- 
posite material technology is particularly interesting to the aerospace 
industry which is constantly striving to improve the performance of aero- 
nautical and aerospace vehicles. Therefore a possible solution to the 
aerospace industries' quest for higher performance materials is afforded 
by composite materials. A composite material combines the high strength 
and high modulus of one material and the low-strength and low modulus 
of another material (or materials) to yield a material exhibiting the 
necessary high strength-low weight ratio desired by the aerospace 
industry. 

A particularly useful composite is the two material fiber reinforced 
composite which consists of a filament embedded in a compatible matrix 
material. The filament possesses the high strength and high modulus 
properties required while the matrix, having a low strength and low mod- 
ulus adds the ductility necessary in a high strength low weight ratio 
composite. The matrix also provides the form of the composite required 
for a particular structural use. A composite plate structure usually 
consists of many layers of composite lamina with the adjacent lamina 
having different filament orientations. 
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The composite structure is analyzed considering each lamina as an 
anisotropic homogeneous material, which results in the calculation of 
macrostresses. If a lamina is examined on an individual point by point 
basis, and considering the difference in the mechanical properties of 
the filament and the matrix, the stresses calculated are microscopic. 

The microscopic stresses are important in determining at which point in 
the composite that yield or failure occur. 

To determine the yield or failure point of the composite, tensile 
tests are performed on the matrix and filament materials until the 
elastic and plastic limits are reached. The value of the limits, 
namely the yield stress and failure stress are microscopic stresses. 

To accurately determine the behavior of a composite material the macro- 
scopic stress state must be related to the microscopic stress state. 

This may be accomplished using various analytical approaches. In this 
study the finite element technique is employed. 

Several authors have considered the macrostress analysis of uni- 
directionally reinforced composites. Bloom and Wilson [4] have calculated 
the elastic microstresses for longitudinal loading. Longitudinal shear 
loading analysis was obtained by Adams and Doner [1], Baker and Foye [3] 
and Tsai, Adams, and Doner [15]. The transverse normal loading problem 
was considered by Foye [8], as well as Adams and Doner [2]. Lin, 

Salinas, and I to [11] employed the finite element technique to solve the 
problem of combined loading, calculating an initial yield surface and 
later extending their work into the plastic region [10]. 

The present investigation considers the effect of longitudinal 
shear loading on a boron-aluminum composite and a boron-epoxy composite. 
The objective of this analysis is to determine the failure loads of the 
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two composites and to compare the effect that the two different matrix 
materials have on the composite's properties. 
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II DESCRIPTION OF PLASTICITY 



This investigation considers the elastic-plastic analysis of a uni- 
directional reinforced composite material subjected to longitudinal 
shear loading. Elastic theory being a basic subject and plastic theory 
being a more difficult, less studied topic will be considered here and 
amplified in section three, while the elastic theory will only be 
briefly discussed in section three. This section describes some of the 
assumptions of plasticity while also describing the yield criterion 
employed in this analysis, the Prandtl-Reuss equations and the universal 
stress-strain law assumption. 

A. YIELD CRITERION 

Plasticity may be defined as that property that allows a material 
to deform continuously and permanently without rupture during the 
application of stresses that exceed those producing yield. The final 
distortion does not only depend on the final state of stress, but upon 
the sequence of stress states producing that final state. This is in 
contrast to elastic deformation which depends only on the final stress 
state. 

An important assumption of the theory of plasticity of metals, 
based on experimental observations, is that the volume of material 
remains constant under plastic deformation, that is, a hydrostatic 
pressure does not cause yielding. This implies plastic strain is associ- 
ated with distortional energy only and hence the hydrostatic component 
of a state of stress does not influence the point at which yielding 
occurs. What is needed then, is some criterion, a so called yield 
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criterion, that vnll predict yielding under a state of stress, given 
only the yield stress determined from a simple uniaxial tension test. 



For a homogeneous, isotropic material (same properties at all points 
and all directions), a criterion should not allow hydrostatic stress to 
influence yielding. Yield must also be independent of the directions 
of the axes chosen to define the system. Therefore since the material 
is isotropic, yielding will be related only to the intensity of stress 
and must be a function of the invariant of the stress tensor. The 
invariants are the coefficients of the cubic equation, which is associ- 
ated with determining the principal stresses of the stress state. If 
yielding is unaffected by hydrostatic stress (P) then it depends only 
on the deviatoric stress. This means that the criterion must be a func- 
tion of the deviatoric invariants. 

Before proceeding with the yield criterion discussion, some terms 
need explaining. Hydrostatic stress, P, is a stress that acts equally 
in all directions and will cause only a change of volume, recoverable 
on removal of the stress. This is related to the dilatation, A which 
is defined as the change of volume per unit volume. The deviatoric 
stress components, , are obtained as the difference of the dilatation 

J 

from the total stress tensor, that is 




or 




(2-1) 



where P = . and 6.. is the Kronecker delta. 

^ 1 J ij 



Upon expansion, equation (2-1) gives 




(2-la) 

(2-lb) 
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"zz “ “zz-f 



a -a 
xy xy 



yz yz 



a ' - o 
zx zx 



where the hydrostatic stress, P, may be expanded to 



P “ — - (a +0 +0 )/a 

' YY vv 77 " d 



(2-lc) 

(2-ld) 

(2-le) 

(2-lf) 

(2-2) 



3 XX yy zz' 

where the Einstein summation convention is followed, where a repeated 

subscript means summation with respect to the subscript. In this study 

index notation as well as cartesian notation will be exchanged freely 

instead of the indices having the usual numerical values. The devi- 

atoric stress invariants are also expressed in this manner. 



Ji'=a.'~a '+0 ^+0 ^=0 
^ n XX yy zz 



'^2' 2*^1 i ~ y [ o ^'^+0 ^^+ 0 _'^+ 2 (a '^+a '^+ 

ij ij 2 *- XX yy zz yv vz 



0 '2)] 
xy yz zx 



(2-3a) 

(2-3b) 



^ 3 ij jk ki ^ XX yy zz xy yz zx 



-a 'o -a 'o “0 ^0 
XX yz yy zx zz xy 



. (2-3c) 

Various yield criterion exist that were verified experimentally and 
that are applicable to the problem. The von Mises yield criterion is 
the simplest and most convenient to use. It may be expressed as a 
function of the deviator ic stress invariants 

F(0^.')=0 

or specifically we will use 



J 2 ' = (2-4) 

where k is a constant. When J 2 "<k^ there is elastic behavior, that is 
there is no change in the plastic strain. When J 2 ^=k^ there can be 
elastic or plastic strain depending upon the rate of change of J 2 ". 
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other derivable forms of O 2 ' follow in terms of the principal stresses 

aij Q 2 > 03 . 



2 J 2 '~^i '^+02' ^+03 2k^ 



(2-5a) 



or 



also 



2J2'=|[ (01-02) ^+(02-03) 2+ (03-01 )2]=2k2 



(2-5b) 




0y^2+02^2]=2k2 (2-6) 



The constant k may easily be solved for in terms of Y, the yield 
stress in simple tension, by substituting into equation (2-5b), ai=Y 
and 02 - 03=0 



Now consider the meaning of k in pure shear. Pure shear is equiv- 
alent to the stress state T ^ = oi>0 and aq=-oi with oo=0. Substituting 

max 101 ^ 

into equation (2-5b) again 



Hence k is the shear stress, at which a point in pure shear, will yield. 

The von Mises criterion implies therefore, that yielding is not 
dependent upon any particular stress component, equation (2-5b) shows 
that it depends upon a function of distortion since the differences of 
principal stresses are proportional to the maximum shear stresses. 

It is convenient to state yet another variation of the yield cri- 
terion. From equations (2-5b) and (2-7), we obtain 



ai2+ai2=6k2 



or 




(2-7) 




and 



(2-8) 



Y 




Y=^{(ai-a2)^+(a2-a3)2+(a3-ai)2}^= d 



(2-9) 
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The scaler quantity on the right hand side may be defined as an 
equivalent stress, a, so that v/hen a=Y, yielding occurs. Thus, any 
value of 0 less than Y will give rise to elastic states of stress only. 
When 5=Y there may be either elastic and or plastic components, depending 
upon the sign of do. 



B. FLOW RULE 

Having selected a yield criterion it is necessary to establish a 
relationship between the stress components and the corresponding deform- 
ations. This is usually referred to as the flow rule. 

St. Venant proposed that the directions of the increments of prin- 
cipal plastic strains correspond to the directions of the principal 
stresses. Later Levy proposed a relationship to connect the plastic 
strain increment to the stress in the form 



de,!^-de*^ de*^-deJl deJl-de de.*^.. de.*^_ de*^ 



dx=- 



XX yy 



*^xx"°yy 



yy zz 



a -a 

yy zz 



ZZ XX 



xy/ yz 



zx 



a “0 
ZZ XX 



( 2 - 10 ) 



o 0 

xy yz 



zx 



where the superscript P denotes plastic. 

The factor dx establishes the relation between quantities of the 
same differential order. From the first and third equations of (2-10), 



P P p p 

d e -d e =dx(a -o )% de -de =^dx(a -a )< 
XX yy ' XX yy' xx zz ' xx zz' 



(2-11) 



Adding the two equations of (2-11) and recalling that the volume change 

P P P P 

due to plastic strain is zero, that is, dV =de +de +de'_=0, or, 

XX yy zz 



16 



6 Equations 



( 2 - 12 ) 



^xx~ ^*^xx" 2 ^ *^yy’*’^z2 ^ ^ 



P 

d E ~dXo 
xy xy 



Similar equations may be obtained for the other components by cyclic 
permutation of (2-12). 

These equations may also be written in deviatoric form, using 



o' ~o ~{a +a +a ) “~(cfw,,+cf )1 

XX XX ' XX yy zz' 3 *- xx 2' yy zz'-^ 



xy xy 

and comparing with equation (2-12), we obtain 



• P 

ds ~ dXa 
xy 



XX 



xy 



or, in general form 



dei^.- = dXoj 



(2-13) 



IJ '10 

In the above equations, a rigid plastic material is assumed because 
no mention is made of any elastic strains. For a complete statement, 
the equation should be written 

(2-14) 



p 

•de.. = dXa.' 



IJ IJ 

where the superscript P denotes the increment of plastic strain. The 
total strain increment becomes 






(2-15) 



where de^.j is the elastic strain increment. Now, according to the 
present argument, (2-14) refers to increments of the strains as we 
follow the deformation path of the material; we must therefore add the 
corresponding elastic strain increments - that is, although the plastic 
strain increments are, by definition, proportional to the current values 
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of the deviatoric stress o.^, the contribution of the elastic strain will 
be those corresponding to the change in the stress state as we go from 
two closely neighboring states of stress. 

The complete statement of the stress-strain relation becomes 



de 



ij 



2G 



(2-16) 



Equation (2-16) is the Prandtl-Reuss equation for the deviatoric strain 
increment. The equation derives its name from Prandtl who developed the 
elastic and plastic strain (e^ and e*^) equations for plane stress and 
Reuss who generalized the equation, but it was Levy who originally de- 
veloped the plastic strain equation. 

The rule of plastic flow in terms of principal stresses and strains 
also gives 



d e d e d e 

—L = ___ = _ = dx 

^2' ^3' 



(2-17) 



C. THE UNIVERSAL STRESS-STRAIN LAW 



The Universal stress-strain law is an assumption that the plastic 

p 

uniaxial stress-strain relation a = f(de ) is the same relation be- 

X X 

p 

tween equivalent stress and strain, that is 5 = f(de ) for the general 
stress state. Employing the universal stress-strain law equation (2-17) 
may be expressed in terms of equiva lent (effective) strain and stress as 



dx 




(2-18) 



The constant C depends upon the definitions of equivalent strain and 
stress. The equivalent strain increment may be expressed 

^=/f{(de/)^ + (de2^)^ + (des’’)^}^ 

de.PjT (2-19) 
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The numerical value of has been chosen so that in uniaxial stress, 

P P P " p p 

(where de = dr. _ dr ) we have dr = The assumption of a 

yy zz ^ XX xx 

universal stress-strain law then gives a value of C=V2- The actual 
proof of the numerical value of C may be found in Appendix B. 
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Ill DERIVATION OF THE STRESS-STRAIN MATRIX 



The purpose of this section is to give an explicit expression for 

p 

[D ] the plastic stress-strain matrix for the von Mises material. The 
expression obtained takes a form that can be accommodated to the finite 
element analysis. 

The following derivations follow closely those presented by Yamada, 
Yoshimura and Sakurai [16]. The well knovm equations of elasticity, 
commonly called Hooke's law may be expressed in matrix form for an 
isotropic material as 



XX 



yy 



<“zz>-= ^ 



1+V 



xy 



^yz 



zx 



1-v 


V 


V 


0 


0 


0 


l-2v 


l-2v 


l-2v 


V 


1-v 


V 


0 


0 


0 


l-2v 


l-2v 


l-2v 








V 


V 


1-v 


0 


0 


0 


l-2v 


l-2v 


l-2v 








0 


0 


0 


1 

2 


0 


0 










1 




0 


0 


0 


0 


2 


0 












1 


0 


0 


0 


0 


0 


2 



'XX 



'yy 



'ZZ 






2 c 



xy 



2e 



yz 



2e 



ZX 



(3-1) 



where E is Young's modulus of elasticity and v is Poisson's ratio. The 
matrix equation may be expressed as 

{o}=E[D^]{e} or since E=2(l+v)/G 
where G is the shear modulus of elasticity 

{a}=2(l+v)G[D^]{c} (3-2) 



where [D^] is referred to as the elastic stress-strain matrix, {6} as 
the column matrix of stress and {e} as the column matrix of strain. 



20 



Hooke's law for the longitudinal shear loading case (i.e., all strains 



""yz 


E 


1 

2 


0 






Q 

N 

X 


= Hv 


0 


1 

2 







equal to zero except and greatly simpifies equation (3-1) to 



(3-3) 



It is interesting to note that in the elastic range xz and yz behavior 

are independent. This is illustrated by equation (3-3) where the 

equations for a and a uncouple, 
yz zx 

The inverse of Hooke's law, equation (3-1), may be expressed in index 
notation as 

Oil o,,,, 

(3-4) 



ij on 3E 



2G 

where e-- are the components of the strain tensor. The a-:J are the 

I cl ' U 

components of deviatoric stress which are defined as 



= 0..-4 6^^a, 



(3-5) 



ij "ij °ij"kk 
and explicitly expressed by equation (2-1). 

Before continuing with the derivation of the stress-strain matrix 



and deviatoric strain components, e.' must be explicitly stated. 



^XX 


= e "-e 
XX 


(3-6a) 


e " 


= e 


(3-6b) 


yy 


yy 




^zz 


= 


(3-6c) 




— c 


(3-6d) 


xy 


xy 




Vz 


^ ^yz 


(3-6e) 


^zx 


= ^zx 


(3-6f) 


v/here the dilatation strain 


is 




e = 




(3-6g) 



Equations (3-6) will help better understand the Prandtl -Reuss equations 
for the deviatoric strain increment expressed in index notation as 
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(3-7) 



2G 



where according to equation (2-18) 



dx = C- 



de^ 



da 



Letting = , dx becomes 

dx = C £L 
5H' 

and allowing the constant C to have the value three halves 

dA =-1^ 



oH' 



(3-8) 



(3-9) 



The equivalent plastic strain increment de and the equivalent stress 
a are equal to 

D . ^ n n “ 

(3-10) 



j P _ /2 j P j P\2 

de - (yde.. de.. ) 



IJ 



'1J 

1 



5 = 



(3-11) 



H’' = — p shown in equation (3-8) is actually the slope of the stress 
de^ 

versus plastic strain curve in the non-linear plastic region (increment 
of equivalent stress (da)/ increment of equivalent plastic strain (de ))• 
This is shown by figure 1, where for the plastic problem the transition 
must be made from the total equivalent stress-strain curve on this 
universal stress-strain curve to the equivalent stress-strain curve for 
the non-linear range. 

For the derivation of the stress-strain matrix for this elastic- 
plastic analysis of the longitudinal shear problem the equivalent stress 
becomes 

2 2 

( 3 - 12 ) 



2 2 

5^ = {3(a ^ +a ^ )} 
^ yz xz 



and the plastic strain increment de^ becomes 



de*^ = {|(deP2 +deP2 )Y 



(3-13) 
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FIGURE 1. SLOPE OF THE NON-LINEAR STRESS-STRAIN CURVE. 



The von Mises yield criterion is employed in the plastic analysis 
of the problem. It is expressed here in terms of the deviatoric stress 
invariant 



2J2' = o.j (3-14) 

and in differential form 

2 

a.^do.;J = Todo (3-15) 

• J 1 j ^ 

Solving equation (3-9) for da and substituting into equation (3-15) we 
have 






(3-16) 



Algebraically eliminating da.;j from equations (3-7) and (3-16) gives 
2GO.;: (da.^-a.ldx) = Is^H^dx (3-17) 

I J I J I J 

Using equation (3-11) and solving for dx 



dx 




^o^( — M ) 
3G 



(3-18) 
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For convenience let 



thus 



S = | 52 ( 1 +hV 36 ) 



dx = a.J de.j 



( 3 - 19 ) 



The term a.', de.^ may be simplified to a.', de... The proof is not very 

I J I J I vJ I vJ 

long and will be presented here rather than detailing it to an appendix. 



expanding 



o.^ de . 4 - a'”de'' + a'*de ' + a ' de.,C 
Ij IJ XX XX yy yy zz zz 

+2(o de + o de '’ + o de '”) 
xy xy yz yz zx zx' 



= Ho 



XX 



- ( 



a +a 

yy zz 



))d(. 



2e 



e +e 
XX / yy zz 



)) + 



- ( 



i2L_H))d(_yy - (JLX-j.^)) + 

3 3 3 



0 + 0 _ 



2e. 



e +e 

^ ^ ft 






'‘Sy ^ V '*^2 “zx '*“zx> 

which simplifies to 

— i[d£ (20 -(0 +0 )) + de ( 2 o -(0 +0 )) 

S'- xx^ XX yy zz" yy^ °yy ^°xx zz" 

* '‘“ 2 z<^“zz-(°xx'"V >)3 + ^'“xy'‘“xy*V‘‘"yz 

“ZX''“ 2 X> 

The term 0.^ de.^ may be expressed as 

I vJ I J 

°ij *^^ij ^3®xx ~ ^°yy^°zz^^*^^xx ^ 



^^yy ^^xx^^zz^ ^*^^yy^^3^zz ~ ^^xx^^yy^ ^*^^zz 



'‘"xy V ^Vz ‘^zx '‘^zx^ 
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Therefore 



o - ' de - o - ' *^e 
1J IJ IJ 

Now the deviatoric stress increment 
(3-17), and (3-19) is equal to 



ij 

da.' from equations (3-16), 
J 



da.t = 2G(de.^ - a.. ^kl ^"kl ) 

I J I J I J r 



- 2G(de.j - de^,^ - a.'. ^3_2qj 

3 S 

which was obtained by recalling equations (3-6) which may be expressed 
in incremental index notation as 



"’^ij ■ ^ (3-21) 

3 

and substituting de^.J and dx into equation (3-7) and solving for da^.J 

equation (3-20) was derived. 

By definition the total stress increment da. . is 

J 



da. . - da.;J + <5 de 

3(l-2v) 



kk 



do,- - G « dc.|^ 

3(l-2v) 

Finally substituting (3-20) into (3-22) 



(3-22) 



da,, = 2G(de,,+ — ’5,,de..-a,; ^kr^kl) (3-23) 



ij 



'y 'J ^ ’J 



which may be expressed in matrix notation as 

{da} = EEDf'lide} = 2(l+v)G[D'’]{de} 



(3-24) 



Mention should be made here of the particular notation for the elastic 
and plastic stress-strain equations. The elastic equation is expressed 
in the usual tensor form while the plastic equation is expressed in 
differential form. The plastic problem is point dependent, while the 
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p p-l 

elastic problem is not. The value of [D J is a function of what point 
on the plastic stress-strain curve the calculation is being made while 
the value of [D^] is a constant anywhere on the elastic curve. 

The elastic and plastic equations are similar enough to allow the 

r P P 

replacement of [D ] for a yielded material by [D ]. Explicitly [D ] 

becomes 




For the longitudinal shear loading case [D^] becomes 

2 



d'’ = 



1+v 



1 _ ""yz 



-a a 

yz zx 



- 



fa 1 a 

yz zx 1 - zx 

2 



( 3 - 26 ) 
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p 

The plastic stress-strain matrix [D ], unlike the elastic stress-strain 

matrix [D^], does not uncouple to give independent xz and yz behavior. 

The matrix [D ] is the non-linear, point dependent, plastic stress- 

strain matrix relating incremental stress and strain. 

E P 

The next section describes how [D ] and [D ] fit into the schsae of 
the analysis to determine the failure point of the composite. 
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IV METHOD OF ANALYSIS 



The objective of this analysis is to determine the failure point of 
a unidirectional fiber reinforced composite material subjected to longi- 
tudinal shear loading and to determine the effect that the matrix 
material has on the overall properties of the composite. 

A. THE NON-LINEAR PLASTIC PROBLEM 

The method for the plastic analysis described here was developed 
by Yamada, Yoshimura and Sakurai [16] for plane stress and modified for 
the longitudinal shear loading case. Briefly the analysis solves the 
incremental force-displacement equilibrium equation 

[k'"] {dw} = {dF} (4-1) 

where [K ] is the stiffness matrix, {dw} is the differential displacement 
in the Z-direction and {dF} is the differential force vector in the Z- 
direction. Equation (4-1) is obtained by finite element discretization 
of the displacement vector {w}, this may be written 

[K'"(w)]{dw} = {dF} (4-2) 

and solving for {dw} 

{dw} = [K'’(w)3’^{dF} (4-3) 

In the above problem the differential displacement is calculated on the 
basis of the preceding displacement, that is, the non-linear problem 
is solved by incremental theory, 

{AW.} = [k'"(w._j)]'^ {aF} (4-4) 

p 

The stiffness matrix [K ] in the preceding discussion is a function 
of the displacement vecter {w} in the plastic analysis only. The stiff- 
ness matrix for the elastic analysis is a function of two independent 
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elastic constants and the equation {dw} = [K] {dF} may be integrated 
to give (w) = [K^] {F>. Hence the linear elastic problem can be done 
in one analysis while the non-linear plastic problem requires repeated 
incremental analysis. That is, the non-linear problem is approximated 
by a succession of linear problems. This is illustrated in figure 2. 




FIGURE 2. THE ELASTIC-PLASTIC PROBLEM 
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The present discussion is limited to general terms, but a more 
detailed presentation will be related in Section 5. 

The problem considered in this analysis is the longitudinal shear 
loading case. The edge x=a is given a uniform unit displacement in the 
positive Z-direction as shown in figure 5. The resulting macrostresses 
S and S and microstresses 0 and o are calculated by the finite 
element method using a linear strain triangle (6 degrees of freedom). 
Felippa [6] presents a derivation of the linear strain triangle for in- 
plane behavior and the derivation of the linear strain triangles for 
longitudinal shear behavior is presented in Appendix A. 

B. DESCRIPTION OF THE FILAMENT COMPOSITE 

The microscopic stress state in a composite material depends upon 
the arrangement of the filament within the matrix and the applied loading. 

To simplify the present analysis, we consider the special case in which 

the filaments are arranged in a doubly periodic rectangular array. This 
array of filaments in the matrix may be divided into basic unit cells 
of dimensions 2ax2b, to facilitate ease of calculation.- This arrange- 
ment is illustrated in figure 3. The arrangement illustrated in figure 4 
with square cell a=b=0.0052 in., and filament radius c=0.004 in., results 
in a filament volume of approximately 50 percent of the total volume. 

The symmetry of the basic unit cell allows the analysis to consider only 
one quadrant of the basic unit cell as shown in figure 4. The quadrant 
considered has dimensions axb with a filament of radius c. It is also 

assumed that the filament and matrix material are homogeneous and iso- 

tropic and that a perfect bond exists between the filaments and the 
matrix material, i.e., there is displacement continuity along the interface. 
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FIGURE 3. RECTANGULAR ARRAY OF FILAMENTS AND A BASIC UNIT. 




FIGURE 4. A QUADRANT OF THE BASIC UNIT. 
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Figure 6. FINITE ELEMENT MODEL FOR CIRCULAR FILAMENT CROSS-SECTION 
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The finite element model used is shown in figure 6. The model is 
divided into 92 elements and a total of 215 nodes or degrees of freedom. 
The 92 element model was chosen over a 54 element model and a 200 element 
model. Previous analysis of Lin et al [11] indicated that the 54 element 
model did not yield results of sufficient accuracy, while the 200 element 
model gave very accurate results, but were not commensurate with the 
amount of computer time required. 



C. DERIVATION OF THE EQUILIBRIUM EQUATION 

In the elastic region the resulting strains obey the linear Hookian 
stress-strain relation. 



{a} = [D^] {e^} 
6x1 6x6 6x1 



(4-5) 



En 



where {a} is the column vector of stresses, [D ] is the elastic stress- 

F 

strain matrix and {e } is the column vector of elastic strains. The 
explicit form of the synmetric matrix [D^] is given by equation (3-1). 
The stiffness matrix [k] for the elastic elanents may be derived from 
energy considerations. If 

■dU = c,jd.,j, 

then the principle of virtual work shows that. 



[k] {w} = 3U/ 



a{w} 



(4-6) 



The particular expression for the stiffness matrix of the longitudinal 
shear problem for the elastic problem is obtained as follows: 



U = l||{0}^{de}dV = \ 



{a}'{e)dV 



(4-7) 



V V 

where we used the fact that stress is linearly proportional to strain, 
where the {a}^ is the transpose of {a}. Using equation (4-5) and (4-7); 
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we obtain 



U = ' (4-8) 

V 

The strain-displacement relation may be expressed as 

{e} = [B]{w} (4-9) 

where [B] is the coefficient matrix and {w} is the displacement vector 
in the Z-direction. Substituting this relation into the previous 
energy equation (4-8) 



U = {w}^|- 



[B]^[D^]^[B] t dA{w} 



'A 



(4-10) 



where t is the uniform thickness. From equation (4-10) the elastic 

stiffness matrix for an element becomes 

[k^] =11 [BjVfmtdA (4-11) 

A 

where A is the area of the triangular element. Similarly for the plastic 

element, the differential stress-strain relation is 

{do} = [0^] {de^} (4-12) 

6x1 6x6 6x1 

p 

where the explicit form of [D ] is given by equation (3-25). In this 
case the element stiffness matrix is 

[B]Vf[B]tdA (4-13) 

. c p 

The stiffness matrix [k ] for the elastic elements and [k ] for the 
plastic elements are assembled to form [K], the stiffness matrix of 
the whole . body. The system stiffness matrix relates the incremental 
load {aF} to the incremental nodal displacements {Aw} for the elastic- 
plastic analysis 

{aF} = [K]{aw} ■ (4-14) 

Equation (4-14) is basically how the plastic, non-linear problem is 
approached. The non-linear problem is linearized by taking very small 
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finite steps (increments) along the plastic portion of the stress-strain 
curve. In this way the equivalent stress for each element will not 
deviate during succeeding steps from the actual- stress-strain curve to 
any significant amount. The following discussion supplies a little 
more detail to this sketch. 

D. SOLUTION TECHNIQUE 

Using the incremental load technique the elastic-plastic problem is 
approached as follows. First the elastic problem is done in one step. 

For a test shear displacement (unity), solve [K]{w} = {F}. This equation 
holds for the elastic range only. Calculate the elastic displacements 
at the nodes and then the elastic strains, stresses, and equivalent 
stresses 5^ for each element. Determine the maximum 5^ and scale all 
elastic values using a scale factor of r = Y/5^ ^ , where Y is the yield 
stress of the material resulting from a uniaxial tension test. This is 
done to bring the first element or elements to yield. Next calculate 
the [D ] and resulting [k ] for the yielded element or elements and re- 
place the previous elastic matrices [D^] and [k^], with the new matrices 
in the system stiffness matrix [K]. Next a test increment {Aw^} of the 
shear displacement is chosen (where the superscript T inside the brackets 

denote the test increment). The strain increment Ae.."*^ and the stress 

J 

increments Ao..^ are calculated at each element after solving for {aw^}. 

* J 

Now scale all elements remaining in the elastic state by the minimum of 



r + (r2+4(S^ (Y 2 - 52))2 



R = 



(4-15) 




where 



r = (Ao ”^)^ - 2aAo^ - (a5^)^ 



(4-16) 
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Aa "^ = (| (4-17) 

R is the scale factor that brings the next elastic element to yield 
(see Appendix B for derivation). Also, a is the present equivalent 
stress of the elastic element and ao"*^ denotes the increment of 0 induced 
by {AW***}. 

T 

A fine point should be made clear before proceeding, ao and Aa are 
not the same quantities. A significant difference does exist between 
the change in effective (or equivalent) stress (Aa"*^) and the effective 
change in stress (ao**^). The change in effective stress is the increment 
of equivalent stress (a) caused by an incremental increase in the loading. 
The effective change in stress is that portion of the stress increment 
that actually produces a change in the plasticity of an element. 

At this point in the procedure the nodal displacements, strain and 
stress increments are multiplied by the minimum value of R and added to 
the existing values. Next the equivalent stress a, given by equations 
(2-9) and (3-11) and the incremental equivalent plastic strain, Ae*^ are 
calculated for each element. 



__ ^ij "^ij 

P , 



(4-18) 



If the value of the Ae is positive, the analysis returns to the be- 

P P 

ginning of the next plastic cycle by calculating [D ] and [k ] for the 

p 

next yielded element. If Ae is negative the computation is stopped. 

This is included here because large plastic strain are possible without 
any practical increase in the load after the plastic region has expanded 
tremendously. This gives an indication that the analysis is very close to 
the collapse load of limit analysis. The problem may terminate in a very 
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natural mode when all the cycles are complete or v/hen the incremental 

p 

equivalent plastic strain, Ae goes negative. These two modes of failure 
are illustrated in figure 7. The next section describes the actual 
procedures in much more detail. 





FIGURE 7. MODES OF FAILURE 
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V PROCEDURES OF CALCULATION 



This section provides a much more detailed explanation of the pro- 
cedures of calculation than does the Method of Analysis section. The 
procedures of calculation of this analysis was suggested by Yamada et al 
[16] and modified for the longitudinal shear loading problem. The analysis 
was constructed to be able to perform calculations for both the xz and 
yz shear loading problems, but will only be described for the xz shear 
problem. The xz shear problem was the one actually considered by this 
investigation. The procedure follov/s. 

For the elastic analysis (Kw=F), 

1. Apply a uniform unit displacement to the x=a face, and calculate 
the resulting displacements, strain, and stresses for the elastic be- 
havior (system stiffness uses elastic stress-strain relations here). 

Figure 5 illustrates the uniform unit displacement given to the basic 
unit cell (first quadrant only). 

2. Scale the elastic values so that the element with the maximum 
equivalent stress (a^,„^„) is at initial yield (Y), i.e., adjustment of 
input displacement so that a single point is at yield. The scale factor 



r"" = Y/-T 
a 



max 



(5-1) 



and the nodal displacement vector {w^} and the nodal load vector {F^} at 



the initial yield point are given by 



{w^} = r^Iw’’’} (5-2) 

{F^} = r^ip’’’} (5-3) 
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This terminates the elastic analysis. For the plastic analysis that 
follows we proceed in cycles or increments. The procedure for the plastic 
analysis is one cycle that is repeated over and over until one point or 
element of the composite has failed (termination of the problem may end 
in other ways, see section four and actual computer program). The loading 
for the plastic problem may mean either displacement or force loading, 
but for this particular study the displacement loading v/as employed. 
Displacement loading is used because we are interested in achieving the 
shear deformation state. Thus we use equation (4-4) for this problem 
({dw.} = [K(w._j)]“^{dF}). 

3. Calculate [D ] and [k ] for the post yield elements; usually 
only one element will reach yield in the first cycle. Hov^ever since 
elements close to yield will be carried into yield during the next incre- 
ment of displacement, any elanent that is within .995 of yield is con- 
sidered to be at yield. The value .995 is completely arbitrary; it 
depends on the accuracy that the user wishes to obtain. 

4. Modify the system stiffness matrix to reflect the stiffness of 
the elements that have yielded. 

5. Choose a test increment Aw"*^ of displacement. 

T T 

6. Solve {dF } = [K(w^_j)] {dw^. } and then calculate the strain 
increment {Ag> and the stress increment {Ao}. 

7. Calculate the scale factor R (equation 4-15) for each remaining 
elastic element to reach yield. 

8. Determine the minimum R. The displacement increment, R^,- {Aw**^} 
is sufficient to yield that element having the minimum R and place it in 
the plastic range. 
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9. Multiply the strain increment and stress increment calculated 
in step six by and add the resulting del (a) quantities at the 
nodes to the previous nodal values, i.e., {w}^.={w}._^+{Aw}. Store the 
results. 

10. Calculate and store the new equivalent stress for each element. 

11. Calculate the increment of plastic strain for each post yield 
element. The stiffness of each plastic element constantly changes as the 
element progresses into the plastic range. 

0 .1 Ae • . 

]i (4-18) 

0(1+H73q) 

For this analysis _ ^ Ae^^+0^^ Ae^^) 

5(1+H73g) 

— F — P 

12. Check that Ae is positive. If Ae is positive return to step 

p" 

three. If Ae is negative stop computation. This is included because 
large plastic strains are possible without any practical increase in the 
load after the plastic region has expanded tremendously. This is one 
way of ending the problem, the other way of course is a natural ending. 

A natural ending occurs when the number of plastic cycles requested are 
run or where some of the other checks built into the program terminate 
the problem (see computer program in Appendix C). 
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VI RESULTS. CONCLUSIONS AND RECOMMENDATIONS 



A. RESULTS 

The computer program for this elastic-plastic analysis of the 
longitudinal reinforced composite loaded in the xz shear mode was run 
until some point in the matrix reached its ultimate strength. The 
properties for the matrix material and for the boron filament used in 
the analysis are given in table 1. 

In the analysis the first point (element) to yield was calculated 
before the ultimate breaking point was located. The initial yield area 
for boron-epoxy and boron-aluminum composites occurred at element 50 
as shov/n in figures 8 and 9 respectively. Bordering the filament-matrix 
interface, this point (element 50) lies in the matrix material on the 
lower horizontal face of the model. The filament point in both com- 
posites that obtains the highest equivalent stress at the time of initial 
yield is element 32, which is the filament element adjacent to matrix 
yield element 50, (see figure 6). 



Table 1. Material Properties 



Property 



Boron 



Aluminum 



Epoxy* 



Young's Modulus 
Poisson's Ratio 
Elastic limit 
Ultimate Strength 



60x10^ psi 

0.20 

480,000 psi 
480,000 psi 



10x10^ psi 
0.30 

34,600 psi 
42,500 psi 
38.3 

46,300 psi 



3000 psi 
4200 psi 
37.17 
5088 psi 



.5x10^ psi 



0.31 



N 



B 



* Tensile Properties for Epoxy 
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When the analysis finally reaches the breaking point for both com- 
posites, some interesting results have occurred. In the boron-epoxy 
composite element 50 becomes the first matrix element to fail and 
element 32 is still the highest stressed filament element, but in the 
boron-aluminum composite the initial yield element 50 is overtaken by 
element 70 to become the first failure element and element 32 is over- 
taken by element 31 to become the highest stressed filament element at 
the time of failure. The progression from initial yield to failure for 
the boron-epoxy and boron-aluminum composites is shown in figures 8 and 9 
respectively. 

The results of the initial yield analysis are presented in table 2. 
These are the results associated with the elastic limit analysis. The 
boron-aluminum composite has a macro shear stress S =13,372 psi at its 

X ^ 

elastic limit; and the boron-epoxy composite has a macro stress of 
S =1044 psi at its elastic limit. 

X ^ 

Table 2. Results at Initial Yield 



XZ 50 


Boron-aluminum 
19,953 psi 


Boron- 

1729 


-epoxy 

psi 


Wxso 


34,600 


psi 


3000 


psi 


max32 


35,288 


psi 


3070 


psi 


=xz ' 


13,372 


psi 


1044 


psi 


yz 


240 


psi 


22 


psi 



We note that the maximum stresses in the filament are but a small fraction 
of the elastic limit stress (480,000 psi) of the filament material, that 
is, the filament is not being used efficiently. Thus, designing to the 
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Figure 8. PROPAGATION OF PLASTIC ENCLAVE FOR BORON-EPOXY 
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Figure 9. PROPAGATION OF PLASTIC ENCLAVE FOR BORON-ALUMINUM 
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elastic limit of each, the boron-aluminum composite can sustain a shear 
load 1300 times greater than the boron-epoxy composite. 

Table 3 contains the post yield results. Continuing the loading 
into the plastic region, the more ductile aluminum matrix allows the 
boron-aluminum composites' longitudinal shear loading, S to increase 
80 percent (from 13,372 psi to 24,140 psi), while the boron-epoxy 
composites' S increases 50 percent above its elastic limit (from 1044 psi 
to 1539 psi). These increases in longitudinal shear load correspond to 
a 25 percent increase in the equivalent stress of boron-aluminum (the 
equivalent stress in the aluminum element 50 goes from 34,600 psi to 
42,500 psi), while boron-epoxy's equivalent stress increases 40 percent 
(o increases to 4200 psi from 3000 psi). Clearly the boron-aluminum 
offers the designer a better shear load carrying ability than does the 
boron-epoxy composite when the design is allowed to reach failure. 



Table 3. Results at Ultimate Strength 



Boron-aluminum 



Boron-epoxy 




24,444 psi 
24,563 psi 
42,372 psi 
42,547 psi 
51,097 psi 
52,732 psi 
24,140 psi 



2427 psi 



4212 psi 



4356 psi 



692 psi 



1539 psi 
33 psi 
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An all aluminum unit cell was subjected to the longitudinal shear 

loading to verify the analysis' reliability. A S macro shear of 

20,000 psi was obtained for an equivalent micro stress, 5 of 34,600 psi 

at initial yield. The homogeneous cell had a uniform rnicrostress state 

throughout, with a = a/VT”= 20,000 psi and a = 0. The ultimate 
xz yz 

macro shear stress S is 24,500 psi with a uniform equivalent micro 

X ^ 

stress a = 42,500 psi, resulting from = 24,000 psi and = 0 psi. 
We note in the case of a homogeneous cell subject to pure xz shear, 
there results only xz behavior, that is, in this special case post yield 
behavior does not give coupling between xz and yz behavior. This is 
evidenced by = 0 psi. 

The composite results were further verified by constructing an 
equivalent stress-strain curve (universal stress-strain curve) and then 
by plotting the values of equivalent stress and strain from the computer 
program on the same figure to show how close the analysis came to the 
input stress-strain curve. The elastic portion of the curve was con- 
structed using the linear elastic relation, a = Ee, while the plastic 



portion of the curve was constructed using the power law, e^=(^)^. 

The portion of the boron-aluminum equivalent stress-strain curve where 

the slope becomes constant (i.e., for 5 > 40,500 psi) was plotted using 

da 



the relation, H'' = 



The power law values, N and B were calculated 



de'^ 

using the data from an original uniaxial stress-strain curve for the 
material. The determination of N and B for the aluminum was easily ob- 
tained, but N and B for the epoxy curve became extremely difficult to 
calculate due to the almost linear stress-strain curve for epoxy in the 
plastic region. Figures 10 and 11 show the equivalent stress versus 
total strain curves for the boron-epoxy and the boron-aluminum 
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respectively, while figures 12 and 13 show the equivalent stress versus 
the equivalent plastic strain. The close proximity of the plotted 
values to the curves verify small enough incremental steps were taken 
during the non-linear plastic analysis. 

B. CONCLUSIONS 

In this analysis the objective has been to develop and use a program 
which could determine the failure point of a unidirectional reinforced 
composite material subjected to longitudinal shear loading using the 
finite element method and to make a comparison of two composites. 

The failure point was determined for the two composites and occurred 
at element 50 for the boron-epoxy composite and at element 70 for the 
boron-aluminum composite. A greater portion of the aluminum matrix 
yielded before failure than for the epoxy matrix. This occurrence came 
as a result of the more ductile aluminum matrix. 

The appearance of the longitudinal macro shear S^^ is small compared 
to the longitudinal shear S ,, but must be accounted for because the 
a microstresses were comparable to the o microstresses for the inter- 

j ^ XZ 

face elements (values of 50 percent or greater were reached). Since the 
significant stresses occur in the interface elements when the model 
was loaded in S shear,xz-yz coupling may be explained as a result of 

XZ 

the circular filament cross section. If the filament cross section had 
been rectangular the a terms and hence S term would have been less 

J J 

likely to appear. 

Considering all the results the boron-aluminum composite definitely 
seems to possess a better longitudinal shear load carrying ability than 
does the boron-epoxy composite. But the all aluminum cell gives the 
same results. Hence it would not be economically wise to use a boron- 
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aluminum laminar composite in place of a homogeneous aluminum plate if 
in-plane shear loading v;as the only load applied. The boron-aluminum 
composite may not fare to well when compared to an all aluminum material 
in the longitudinal shear mode, but from the previous analysis of Lin 
et al [10] we see that the all aluminum material would not approach the 
boron-aluminum composite when loaded in other modes (i.e., transverse and 
longitudinal loadings). 

C. RECOMMENDATIONS 

The logical extension of this analysis would be to combine it with 
the other loading problems studied by Lin et al [10] to construct a fail- 
ure surface. Also the investigation of different shaped cross sections 
for the filament should be considered. These suggestions combined with 
a parametric analysis could lead to other interesting thesis topics. 
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APPENDIX A 



CALCULATION OF THE STIFFNESS MATRIX 
USING FINITE ELEMENTS 



Section three derived the stress-strain matrix for the plastic analysis 
and stated the stress-strain matrix for the elastic analysis. This sec- 
tion will show how these stress-strain matrices are expressed in finite 
element form so that they may be written in computer language. 

In this analysis, the longitudinal shear loading problem is associated 
with the macroscopic stresses S and S and the displacement u=v=o, 

A ^ Jr ^ 

w=w(x,y). The finite element used in this analysis is the linear strain 
triangle (LST). For the longitudinal shear element the elastic strain 
energy is given by 




(A-1) 



V 



which becomes for this problem 





iJJJ^^xzWW”'' (A-2) 

V 



where and are the microstresses and and y^^ are the shear 



strains associated with the problem. Assuming a unit thickness 




(A-3 
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The minimization of the strain energy U ivith respect to the displace- 
ment vecter {w} gives the stiffness matrix of an element. The derivation 
of the element stiffness matrix follows. 

In the elastic elements, 



G 0 
0 G 

Substituting into equation (A-3) 










xzt _ 



= {a} = [D^^] (Y) 



yz 



u = 4 



{Y}^[D^]{Y)dA 



A 



(A-4) 



(A-5) 



Before the derivation may continue the array {y> must be defined. 



\z 

S 





1 


CM 


^3 


0 


0 


1 

0 






0 


0 


0 


^1 


^2 


1 

CO 



Vi 
V2 
4y^3 , 



= [ n 

2x6 



'xz 



yz, 



- 1 , 2, 3 



where y triangular coordinates. 

The y^ 2 *^ three for 
of a linear strain triangle. Now the nodal shear 
pressed in terms of the nodal displacements 



CA-6) 



the corner nodal points 
strains may be ex- 
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'Vxz >=- = 
^ i 9X 



i- <NiN2r'l3N4N5N^ I Y 
9x i We 



Wi 



and 



I. y 

i‘ I 

{y^7 } = = i- <NiN2N3N4N5NX | V > 

i 9y 9y i [WeJ 



(A-7) 



Wi 



= <NNNNNM\| V 

\yi yz ys y4 ys y^> I . 



(A-8) 



where the N and N are the first partial of the shape functions with 
^i ■^i 

respect to x and y respectively. Evaluating equations (A-7) and (A-8) 



at each of the six nodes, 

Y , = <N N \ I {w} and (A-9) 

Y , =<N N \| {w} (A-10) 

^•y^i.,.6 \yi**** y§^ 1...6 

Combining results and putting equations (A-9) and (A-10) in matrix form 

(A-11) 



(Yx 2 ^ = [zx] {w} 
6X1 6X6 6X1 



(Yy 2 > = [zy] M 
6X1 6X6 6X1 

Substituting equations (A-11) and A-12) into (A-6) we have 



(A-12) 



(y> = [C] 



[zx] 

[zy] 



{w} 



(A-13) 



= [?] [z] {w} 

Now using the equation (A-13) and equation (A-5) we finally have 



U = 



2 J 



^W)’'[2f[?f[D^f[5][z]{W)dA 



(A-14) 



Letting [B] = [5][z] we have 
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(A-15) 



A 

Minimizing U with respect to {w} and integrating 

tk'^] = [B]V][B]tA (A-16) 

which is identical to equation (4-11) 

For the plastic elements the stiffness matrix becomes more involved. 
The stress-strain relatives are a function of the loading (see equation 
(3-26)). The only difference is that [D*^] takes the place of [D^] in the 
plastic stiffness matrix, thus 

[k’’] ' [B]’'[D'’][B]tA. 



(A-17) 



APPENDIX B 



SOME DERIVATIONS OF EQUATIONS 



In this appendix will be presented some important derivations necessary 
to the understanding of the elastic-plastic analysis. There are two 
proofs of the scale factor R used in section four and five. The first 
proof is geometrical in nature, while the second is an algebraic deriv- 
ation. The derivation of the gamma, v/hich is necessary for the scale 
factor R derivation is also included. Finally it is shown that the con- 
stant C of equation (2-18) equals 3/2. 



A. GEOMETRIC DERIVATION OF EQUATION (4-15)- 

Here we obtain equation (4-15) through a geometric viewpoint. The 
basis of the discussion is contained in figure 14. In figure 14 a is the 

T 

present equivalent stress of the elastic element and Aa denotes the in- 

T T 

crement of a induced by the displacement increment {aw }. 5 and Aa are 

represented respectively by ^ and while ^ ^ = PIT. For the longi- 

T 2 T 

tudinal shear problem (a+Ao ) (see equation (B-7)) and (Aa )^ (see 
equation (b- 13)) determines the load increment sufficient to just cause 
yield in each elastic element. 



PR = Aa 



R = 



PQ 



PR 



Using the cosine law. 



j 2 _ T 2 

Let X = a^+(Aa ) - (a+Aa ) 

2a Aa 
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figure 14. DETERMINATION OF THE LOAD INCREMENT TO 
JUST YIELD THE ELASTIC ELEMENT. 



and 

COSa = X a = ARCCOSx SINa = ^/l-x^ 

Using the sine law, 

^ ^ ^ ^ = 180 - (a+0) 

SINa SINcJ. SING 

W = Y ^ = a 

_1 = H Y _ g 

/l-x2 SIN(^ /l-x2 sing 

SING = = z 

Y 

G = ARCSINZ 
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(j> = 180 - (ARCCOSX + ARCSINZ) 

Y ^ £5^ = 

SIN (180- (ARCCOSX + ARCSINZ)) SIN(ARCCOSX + ARCSINZ) 

LET 3 = ARCCOSX and Y = ARCSINZ 

= PQ 

SINbCOSy + COSbSINy 
= PQ ^ Y 

c(7i-x^)(yi-z2) + (x)(z)j 

^ = Y{/Tz2 + (B_t) 

l-x2 

= l-(f)^l-x^) + x(j}J(l-x^)Y 

7i-x2 

/~2 r~ 2 

= V Y - a (1-X ) + X5 

PQ = {[(Y2-a2)4(A-5 ^)%x2]/4(a5 ^)S^ + 

(o' )+(Ao ^) -(a+Aa^) )/2 (Ao ^) (B-2) 



Expanding terms and letting 

r = (Ao ^) -2aAa^ - (Ao^) (B-3) 

PQ becomes 

F(T= [{(Y2-52)4(m ^)2+r2}V]/2^ ^ (B-4) 

R = — = [{(Y2-a2)4(£s ')2+r2}2+r)J 



2(^ ^)2 (B-5) 



B. ALGEBRAIC DERIVATION OF EQUATION (4-15) 

The next derivation of R may be expressed in general terms but is 
instead derived with the particular problem of longitudinal shear loading 
i n mi nd . 
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When a+A5 = Y yield occurs, Aoj is produced by the 
displacement aw^. 


incremental test 




(B-6) 


(a+Ao^)^ = 3[(a^2'*'^a^^^)2+(ay^+Aay2^)2] 

a^+2a Aa^+(Ao^)2 = y.Z^° X1 

Also v/hen (a+RAa^)^ = element is at yield: 

y2 = 3[a^/+2Ra^^ 


(B-7) 


Y2 = 5^+3C2R(a^2A5^/+ay^ Aa^J) 

+ R2(a5J2 +AOyj2)] 


(B-8) 


r = -6[a^/5xz^-'V Sz^^ 


(B-9) 


(^■^)2 = 3[(A5^/)2+(A5y/)2] 

Making the necessary substitutions, 
(Aa^)^R^-rR+5^-Y^ = 0 


(B-10) 


R = r+y r2+4C^^)2(Y2-o2) 

C. DERIVATION OF EQUATION (4-16) FOR r 
From the original postulate 


(B-11) 


r = (Aa^)^-2oAa^- (A o^)^ 


(B-12) 
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Aa = (|Aa.J Ao.J )2 

which equals PR" in figure 14, The term a 7^ becomes upon expansion 

aU '^ = 4(Aa ''^^+Aa '^^+Aa '^^+2 ((ao ''^J^+iAa 

T. 2 \ XX yy zz " xy ' ' yz ' 






(B-13) 



The equivalent stress vector is 



„ „ '2 ^2 , .2 ^2 ^2^ 

— = a +0 +0 +2(0 +0 +0 ) 

3 xx yy zz ' xy yz xz ' 

(o+Ao"^)^ = 0^+2o A0 "^+(Ao"^)^ 



(B-14) 



T 

putting 0 + Ao in the form of the equivalent stress vector 

o T T‘^2 t*^2 

*:r(5+Aa = la +Aa ) +(a +Aa ) + 

T ^2 T '2 T '2 

(a +Aa ) +2[(a +Aa ) +(a +Aa ) 

^ ZZ ZZ ^ xy xy ^ ^ yz yz ^ 

T '2 

+ (a +Aa ) ] 

^ ZX 2X ' 



3aAa'^+”(Aa'^)^ = *|(a+Aa'^)^-|a^ (B-15) 

Now the outcome is subtracted from to give r. For this analysis 

r becomes 



r = (A0^)^-20A0 ^- (Ao^) ^ 

= -Gfo Aa "^+0 Aa "^1 
^ xy xy yz yz 



(B-16) 



D. DERIVATION OF C IN EQUATION (2-18) 

The proof that constant "C" of equation (2-18) is simple and straight- 
forward. Equation (2-19) for a tension test and principal strains 
becomes 
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(B-17) 






1 



) 2t(>l ) 2}2 ' J'Ie 



1 



2 2 

and from equation (3-11) the equivalent stress becomes 
5 =/J(o^j a^.j )2 = JJ{ai +02 +03 



(B-18) 



where oi ,02 and 03 are the principal deviatoric stresses. Equation 
(B-18) simplifies to 

X 



5 - JJ ^ 






and for tension oi = |o. Now substituting into equation (2-17) 



dX = de/ = de'’ = 1 






2 - 



2 . 

a 
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APPENDIX C 



THE COMPUTER PROGRAM 

The computer program performs an elastic-plastic analysis for a uni- 
directional reinforced composite material subjected to longitudinal shear 
loading. The main sections of the program are listed and described below. 

Main - Constructs the elastic stiffness matrix and modifies it according 
to loading and boundary conditions. It calls the equation solver and then 
scales the elements in the elastic and plastic analysis and controls 
further calling sequences. 

Post - Constructs the plastic stiffness matrices for the elements in 
the plastic range. 

Caltau - Calculates element strains and stresses: e=Bw. o=D^e and 
a=D^e. 

Bandec - Solves banded matrix problems (Kw=F, or K(aw)=aF). 

MULI - Multiplies a symmetric banded matrix with a vector. 

This portion of the discussion of the computer program is devoted to 
assumptions made in v^riting the program and are listed here for 
convenience. 

1. The properties of the matrix material may be different in com- 
pression and in tension, YMC and YMT respectively. This assumption 
explains the dilatation variable SII's inclusion in the program. SII 
was the variable that determined if a matrix element was in compression 
or tension. It was included to preserve the generality of the program 
but does not enter the analysis in the particular case of longitudinal 
shear loading. 
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2 . If an element is within a particular fraction (called TEST) of 
the yield value, it is included as a yielded element. In this analysis, 
TEST was chosen as 0.995. Therefore for calculations any element which 
is at .995 times the yield value is at yield (TEST = .995). After an 
increment it can be determined whether an element which was close to 
yield and assumed to yield, actually did. In other words, the size of 
the incremental step and TEST should form a consistent pair. 

3. For purposes of scaling the load to take the critical element to 
yield, the scale factor R^. is restricted to be less than some maximum 
(RYMIN). This is imposed to limit the size of an incremental step taken 
along the stress-strain curve. If too large size steps are taken, the 
elements in the plastic region will provide inaccurate results (see 
figure 2). Also at a certain point in the stress-strain curve larger 
values will be possible which would reduce the calculation time. These 
maximum values for R^^^ along the stress-strain curve must be altered 
according to the materials being used. They are also a result of experi- 
ence in vjorking with a certain material to produce better results. 

4. Also in scaling the load to take the critical element to yield 
the filament elements will be ignored. The yield of a filament is much 
higher than the yield value for a matrix element. 

5. For purposes of computer efficiency the elements of the stiffness 
matrix were derived to facilitate their use in the construction of the 
stiffness matrix in the main program and the strain column matrix in the 
subroutine Caltau. Therefore the zx and zy variable arrays listed are 
the first partial of the shape functions with respect to x and y 
respectively. 
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6. For H' = da/de a two point curve fitting scheme is used to 
approximate the plastic portion of the stress-strain curve. For example 
assuming the plastic strain-stress relation can be expressed as the power 
low s'” = (|)” 



N-1 



da 



= B 



de^ 



The values'of B and N may vary for different material and for tension 
and compression of the matrix. The calculation of N and B results from 
solving the equation e^= for two points on the plastic portion of the 
curve. The selection of the tv;o points is important and should approxi- 
mately divide the non-linear portion equally. The points are chosen in 
this manner so that large errors do not result. This method is an accur- 
ate and simple procedure. 

Other curve fitting expressions giving more accurate results may be 
used. It is felt that more accurate results are not necessary and do not 
yield that significant of an improvement in the results for the amount of 
time that v/ould have to be expended. 

7. Data input is another important aspect of programming. The only 
possible trouble area exists in numbering the nodes of a triangular 
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element. The usual convention is followed by numbering the corner nodes 
first and then the intermediate nodes in a counter-clockvn’se fashion. 

For example, the numbering sequence should appear as: 




66 



OOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

'--•c\!rn ^of^ooc^o»--lc^J^^<^'l^^or^coo^o---»(^J^^<rL^^or^c)oc^ o»-«4c\jrn<rLnNor^ oo 

o o o o o o o o O r--i r--i .--4 r--i ^ ^ c\j (Nj (\j (Nj (N (N (Nj (\j (N (N rn CO CO ro CO CO rn ro CO st '4' 

OOOOOOOOOO OOOOOOOO OOOOOOOOOOOOOOO OOOOOOOOOOOOOOO 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

5 : 5 : 515:^5: 5: 



■Jf -JJ- -it- -JJ- 


^-if ^ 


^•If^-Jf-lf-lf-lf-lf-lf-lf-lf-lf 


•« 


CNJ 








■If 












•If 


— » 


C^ 








•If 






LU 






* 






► 






■If 






X 


Q 


00 


•If 




4—4 


— • 


► 




•«- 


—1 




1- 


2 


» 


•If 


C\J 


1—4 


CNJ 






•If 


< 






< 


0 LU 


^f 


•« 


00 




CNJ 




•If 


2 : 




00 




2LUX 


•If 


CNJ 


»• 






► 


•If 


>— 1 


2 


< 


LULU 


3X1- 


•If 


0> 








— 


•If 


Q 


LUO 




2X 


OH- 


•«- 


w 


CNJ 


UNX 


2 


0 


•If 


=) 


l-> 


—1 


OH 


> 2 




CL 


cr* 


f-4LU 


00 


CNJ 




H 


»— 4 


3 




Xt-4 


•If 


0 


v_i<> 


CNJ3 


3 




•If 


I 


2LU 


LU 


00 


•0 


•«- 


•» 


1 — 


^LU 


CL 


X 


•If 


*-<o 


*-^X 


IS 


h-h- 


UJ LL 


•If 




•« 


OQ 


0 


CD 


•If 




Xh- 






• OOO 


•If 


vO 




CD ► 


J- 


3 


•If 


30 




00 


33 


*-•3 


•If 


»> 


CNJ 


3-^ 


► 


LU 


•If 


—1 


LUQ 


< 


<< 


3LU 


■If 


rO 




-CNJ 


— • 


1—4 


•If 


LL 


X2 




33 


^3q: 


•If 




'w* 




CNJ 


► 


■«- 


oq: 


h- <C 


X 


aa 


Q< 


-If 


CNJ 


a: 


in*— 


O' 




•If 


UJ 




1— « 


LULU 


LUOO 


•If 


0> 


CL 


»— IfvJ 




tn 


•If 


OOQ 


2 






002 : 


•If 




X 


CNJ> 


0 


«— 4 


•If 


*-^2 


1 — 4 00 


1- 


300 


< 2 


•If 


> 


•» 


woO 




CNJ 


•If 


l>03 


2 


< 


LUI- 


Ol>0LU 


•If 






>3 




w 


■K- 


> 


000 


2 


32 


“ 


■If 


•« 




CLLU 


CNJ 


>- 


•If 


— 100 


UJH-4 




LLLU 


xo< 


■If 




UN 


-Q 


O' 


Q 


•If 


<UJ 


-II- 


h- 


22 


»-4^K 


•If 


sO 




— • •> 


*— 


CQ 


•If 


2J- 


o< 


X 


LU 


0:3 


■If 




in 




M 


2 


•If 


<t 1 — « 


23 


0 


1-3 


i-o>- 


•If 


CO 




r*”4 CNJ 


> 


► 


•If 


00 


<0 


00 


LULU 


<>-3 


•If 


•« 


CNJ 


CNJO> 


3 




•If 


00 


i-hLU 




00 


2 3 


^f 


CNJ 


w 




< 


m 


•|{ 


1-4 CL 


a: 


Q 


1- 


2< 


•«- 




Q 


CLM 


f- 




•If 




1-00 


2 


32 


x<o 


•If 


*— 


2 


-X 




CNJ 


-If 


OOO 


00 


< 


<LU 


LL X »— 4 


•If 


X 


< 


^00 




— ^ 


•li 


<0 


23 




1-4 2: 


1—4 1 — H- 


■If 




OC 


s03 


CNJ 


G. 


•If 


—I 


1-4 LU 


1- 


cx< 


1- < 


•If 




0 


— LU 


O' 


00 


•If 


Q-l- 


<□:: 


2 


UJ3 


00 q: 2 


-If 




•« 


sOQ 


W 


1 — 1 


-If 


1 2 


n: 1 


LU • 


J— 1 — 4 


LUO 


-If 


CNJ 




► 




Q 


^f 


00 




2Q 


<x 


— 1 — 1 — 


•If 




«— 4 




CNJX 


3 


•If 


•— 


00 


<LU 


2 


l-<3 


•If 


w 


m 


MCNJ0>3 


2 


-If 


f-< 


Q 


3M 


LU • 


2LU< 


•If 




•« 


►0^ 






•If 


00—1 


0:2 


1-4 >- 


OOXX 


luq: 


•If 


> 


m 


— w 


Q-^- 


— 


-If 


< 1-4 


<< 


LL3 


3J-I-4 


2000 • 


•If 


00 


r— t 


hslLU ► 


LA 


•If 


— ILL 


luq:: 


< 


0 a: 


< 1 - 4 UJ 


-If 


•« 


CNJ 


CNJ>3-- 


«— 4 


•If 


UJ 


2Q- 


X2 


lulli- 


3X 0 


•If 




W 


sOJ— LUCNJ 


CNJ 


•If 


Q 


1 — « • 


LL< 


20< 


4— 4 4— 4LU <L 


■If 


CNJ 




-30 0^ 


w 




LULU 


3UJ2 


4—4 


LU 5 : 


LL 0:0000 


•If 


0> 


2 


CNJLU 




0 


•If 


XO 


XO 


l-LU 


Ooo 


1— <Coo 


•If 




< 


wQ 


— M 


— 3 


•If 


ho: 


00|— 4-H 


00 OO 


OLULU 


h-<OLU 


•If 


M 


q: — 


>- - 


CNJ>CNJO 


v'f 


0 


>- a: 




2.-.X 


X2 2 


•If 


X 


OCNJ 




O'LUO'2 


•If 


00 LL 


0 - LU 


X2 


OK-I- 


0 ^ 


•If 


00 




-^(NJ 




w» *. 


■If 


LU2: 


—lool- 


o< 


xq:: 


0OLUi-4< 


•If 


•> 


— w 


Lno>j— 


fsj— * 


•If 


0 •”•♦ 


Q.I— «»— 4 


0 


LUX 


XX 


•If 




CNJ3UN 


r-4w 


OCNJXNJ 


■If 


QLU ® 


XoOQ: 


LU 


luclo 


LUf-l-X 


•If 


CNJ 


CMU»-* 


CNIMLUO'LUvO 


•If 


q:o 


LU>-0 


0000 


XO 


X H 


-If 


c^ 


wQ, CNJ 


-X3«— 


Ql'-^ 


•If 


2 2 


—1 


<LU 


f-a:oo 


1— UL *c*i — 4 


■If 


w 




CNJ^— LUhsJ3Q- 


■If 


< — I*-* 


X<Q 


000 


Q.LU 


0 — 3 : 


•If 


< 


0 ►LU 


^30X00 


-If 


a:<Q 




< 


qc *— • 


OC h~ 


•If 


X 


LU—3 


XLU 


► LU 


►2 


-If 


o^< 


q:<lu 


30 


OLUI- 


01>022 


•If 


M- 




Q 






•If 


000 


0 *— » 


< 


xxq:: 


LL3LU< 


•If 


>- vO >- •*fvj 


2 ► 


CNJ2CNJ2-^ 


* 




OI->- 


33 


^-UJ 


32q: 


•If 


X 


►xrox 


0 — 


O'OO'OO 


•If 


Q-l- 


QC2 


O0< 


Q- 


3<0 


•If 


XCNJXwX 


^-•Ln 


1 


W*|— «CNJ 


■If 


oq: 


Q-LUoO 


3»-« 


^ 1 — 0 


— Q30 


•If 


20>2<2 


00 — < 


MOOMOO — 


4f 


OOLU< 


s:lu 


0 


• luq: 


• 0 •— '(2 


•If 


O' 


— OJ-O 


21 CNJ 






-If 


i-4q::lu 


LULU 00 


LULU 


,-IOOCL 


C\J2LLQ- 


•If 


2 : 


22LU2 


LUw 


LULU LULU CD 


•If 


x^x 


XO-H 


XQ- 






•If 


2LU2M2 


2032CL23 


•If 


HQoo 


i-ujs: 


1-00 






•If 


OJ-O -0 


hh>LU •— 4 


3»-«UJ 


•If 












•If 


O 1 - 4 O--O 


Q3Q QQQ»-« 


•If 












■If 






— 1 


CNJ 


1—4 »— • 


•If -If -If -If 


■If -If -If -If ^ -If -If -If -If -If ^ -If -If -If -If -If -If -If -If -If -If ^ -If 













00000000000000000000000000000000000 



o 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

o ^ og rn ' 4 ' in vO CO o c\J m vo CO o ^ rn vt- in vO h- CO (Tv o c>o CO '' 3 - in vO h- CO O' o r-j O') st- in vO 

in in in in in in in in in in vo vO vO vO vO vO vO o o vO h- h- h- r-> h- CO 00 00 CO CO 00 00 00 00 CO cr> O' ch CT' CT' 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< < 
2: 5: 5: 5: 5: 5: 51 51 51 5: 5: 51 51 5: 51 51 51 5:^5: 51^ 51 5: 5: 51 51 2: 5: 51 51 51 ^51:5:2::^ 51 5: 5: 21 51 5: 







000 : 0 : 1 — 




LUX< 


















Kouu:^ 
















► 


M- 




:ZLUCQLU 




OXCL 












w 


* 




•-tQsis: 




2X 


















0 OliJ 




<muL 




► 














CL Li- 2:0 








LU 








CL 






0 - < 




od •• 




0 








2 






-J •‘-J 




1 — •• qc 




< 




X 




► 






<o:xQ. 




II LU 




UL 




m 




► 






QLUOvjoO 




U-LUCQ 








LU 




X 


•Jf 




OCOX^-I 




002 




> 




h- 




0 






Z^^Ch 




<3 








< 




-4 


■Jf 




iDm 




QCLL2 




LU 




z 




► 






OLL-iC^-HO 




LU 




X 




»— 1 




m 




-j 


UJO- *-oc 




CQX2 




1— 




Q 




m 




UJ 


—J - LU 




2 3 








QC 






-JJ- 


_j 


LLo: II fvl 




3LU2 




2 




0 




Q- 


■Jf 


U- 


2UJ 




2X^-^ 




a 




0 




Z 






►cQ 002 




- 1— X 




ter 




0 




m 




•> 


02 : QO — 




► < 












► _j 




0 


DQ3 <2m 




X22 




X 




> 




X LU 




CQ 


3:2 0 *-H 




-JCNJO- 




m 




•* 


— * 


0 2 




ID 


2 :* -JUL •- 


_J 


LUx ► 




•» 






-J 


r~A 3 


■M* 


’Z. 


LJ-. 


LU 


OxOX 




► 




X 


LU 


- 2 


•Jt- 




OX 0 11 


Q 


omi— CNj 




LUX 




CXD 


2 


m ► 


rr 


0 


CDC\) LUQlOO 


0 


2*-h2x 




OCQ 




► 


3 


CNJ — < 


•Jf 


CQ 


»-hLUI— 


2 


► ►LUX 




<_J 




0 


2 


— II 




Z 


•‘X •‘OCQ^ 




c 

« 

M 

5 




ULLU 




LU 


► 


CLX-O 




•» 


omXCLSiLu 


0 


2 11 LU»-i 




2 




1— — 




2X ► 




_J 


<»-^c\)CL32: 


2 


1 ► 




X - 




<CL 


II 




•5(- 


< 


^ ^x<^lu 


*—t 


22LU- 




^-4 




20 


HH 


►C 03 






\ W _J 


2 


- II 




LU II 


CL — » 


►HI— 


► 


XOw 






LL 11 mUL ••LU 


► 


>XLLLU 




X»~4 


0 m 


02 


— B. 


OLUI— 




UL 


Q hhOX 


> 


CQOOO 




1 — — 


1 — .-1 


cc ►— 


»—4 


1—4 ► 




Q 


s:oo •• oji— 


cu 


_J< < 






2 


O^m 


w 






2 : 


3h-. 01x2 


-i 


LUUJO^UL^ 




2^^ 


to 


0 II • 


1— 


» 00 


•}(- 


ID 


ZZ 11 LUXLU 


LU 


2 LU m 


x> 


0-* 


—J 


o-oo 


► 


1—4 ►H •» 




Z 


►LU iZ com^ 


2 


<'-1— CO >- *-H 


CQCQ 


- > 


II LU 












2222*-h< 




X<2 ► 




-OD 


3 Q 


X — UL 


sO 


CLH- II 


-K 


Z 


<LJU<ID ►_] 


X 


CD 3UJ* 


LULU 


X-J 


- 0 


3 »• 


► 


2- iiCm 




< 


CD— JOl2« •-H 


CQ 


-JUL2X 


22 


muj-^ 


— 2 


«. ►x 


1—4 






CQ 


2LUO- II UL 


-J 


LUO“ 1—0 


► ► 


►1— im 


CM 


►CMO 


II 


►x-^o 


* 


Z 




LU 


2Q - LU 


1—4 ^ 


• ►»— < 


•• LL 


X^“^ 


3 


XOiiCcM 






CLLLU-XOOUL 


2 


•• X2q 


II II 


CO— •• 


f— 4 0 


CM> •• 


► 


m ^ ••UL 


-}(• 


a 


200CNJ20 


► 


ClUL(>vJCO 


t—4 t—1 


K— »X 


II 


—4 *»Ln 


— 


► ►-> ► 




z 


2 : \0 


CL 


OOX 2 


► ► 


2wm 


>- 


►— * • 


3 


W ■» 




z 


3c^xx»-»Qi: 


0 


1— xoo- 




LUX-4 


•• QC 


- 30 




1-02-4 


-M- 


z> 


2LU|-m|— LU 


1— 


2o:mi— •• 


1— !►— t 


2cQ •• 


— 1— 


CC 4 


»— 4 


2 LUhh 




UJZ 


••nOQt-Hi— icD 


2 


►lu»-'2X 


w# 


Luom 


3 LU 


[ 1 j «— 4 LL 




LUCLI— m 




_J •• 


_J2»— « ►Q2 


»s 


CLOD ►LUC\) 


x> 


—JLUhh 


► — J J>_ 


2 w ► 


2 m 


22r-' •• 




K-J 


LU33:- 23 


Cl 


22“ 2 X 


coco 


LUhh ► 


-• LUO 


c^>X 


LU * 


LU» w—4 




hhLU 


220 II nz 


2 


U-3 11 LUX 


o_j 


“ ►x 


w QLU 


0 -CM 


1-0 


. 1 ► •» 1—4 


•5f ■ 


Ks: 


3- 220- 


U- 


Q2:o-Jm 


LULU 


►t-4 cr» 


>—00 


03-4 




UJX3HH 




ID 


2 •‘<0 ► 


Q 


2“ 1— luh-» 


1 — 1 HH 


X— - 


wm2» 


€» ^ ► 


wLL 


• Ow ► 


■Jf 




' XcOQ>-X 


2 


«—-2- 


w w 


CNJ m 


'»a^ 0 ► 


► m 




m 


■Jt 


0 


LUDCCXJ 




0--*X‘-HLL“ 




— X— 


0 — X 


— X — *-H 


0 


— *1 X 






1^^ ►LU<X 




^vD(\jOOcO 




xxco •• 


— .r-4— 4c\)cMCMrO - 


»— 4 


— C-st" “ CM •• 




QnO»-h 


-<xxo:qx 


m*— 'r—ixCL Cl 


00 


-4X-«X 


oulcmxcmxcnjx 


OHHcnxmrox 


rc 


o^^co 


1 ►^(\juL2m 


^ vO -X QC LU 


1—4 * 


►X 


CM CM «-X 


►X ••rn 


mo 


••X ••m 




•» *»w 






wsO'-o:lui— 


► •« 


sOwvO'-' 


► ^ vO*— ’ 


sO'*' 




OwQ.vQw 




mini— 


wi-xLLO ► 


mi— '—1 - luqqco 


mm- 


1— 


mi— — 


wl-wh- 


mi— 


w|— ^w|— 




ww CLU< mOcQ* 




<LU<22 


W-— * 


LU<LU< 


W<LU<LU<LU< 


w<LU<“ LU< 


rc 


QQ2II— 2:*-h II 


Q 


21 — 2QC 30 


QQI— 21— 2 


Q2I— 21— 21-2 


021—2 -1-2 




<<q: 


•-to: ►oouLO 


<o:»-id:02— • 


<<»-'q:»-hQ1 


<(Xi-hoc*— fix^-^o: 


<o:»-HQCx»-«QC 




LULUOQ^O** LUOCD 


LUOOIOO- 1 — 


LULUQCOtXO 


luoccoo:oq:o 


IDOQCOOQCO 




o:c^uL3:uL II LU 


qcul3:ll -0 


qco:3:ll:2ul 


qcllisll 


::2ul:2ll 


oiul:2ul-4 3:ll 






^CNJcOst 




-4ojrn 
















— <o 


' .—1 


m vo 




CO 


0 ^ 


CM rq 


0 


r-H (M 




^4 


t t— 4 








1—4 


CM CM 


CM CM 


m 


m m 



000000 



68 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

O O O O O o O o o o .-H ^ r--i r--« ^ r--i ^ ^ ^ c\i c\i c\i (xj c\i cNi c\j c\j c\J o*) rq ro ^ CO ro CO ro rn ^ vt <r Nt“ Nt- 

CZ) •— 4 I— *4 I— *4 >~4 »-“4 t— 4 1 — 4 »— 4 r— *4 >~4 »— 4 t—4 t— 4 i— *4 •— *4t-~4 >~4 »-“4 i-~4 *~4 r— 4 r— ^ t—4 •— * r—4 *~4 >—4 r— 4 •— 4 »— 4 *~4 r— 4 »— 4 »— 4 »— 4 r— 4 >~4 r— 4 »— 4 r— 4 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<:<<<<<<:<<<<<<<<:<:<<:<< 

5: 51 51 51 51 51 5: 5: 5: 5: 5: 51 2: 51 5: 2: 51 51 ^5: 51 5: 51 15:5: 5: 2: ^15: 5: 5: 5: 5::^ 51 s: 51 5: 5: 51 2: 51 21^5: s: 





HX II «-H-4 




CL 










-J 












< (\J H _J LU 




2 : 










— 








— 




0 :^ 2 : 




0 










— 








X 




v^LUQ« 




0 










X 








in 




00CO2I— 1 11 




•• 










in 








— 




2 : eCLUX 




DCX 










•» 






in 


in 








< 1-4 










in 






4—4 


HH 




(/)»— 4 *— 4>“ 




—IOC 










4—4 






— 


— 




OOLULL« K 




K 










— 






— 


— 




HH •* *'<I 




h:< 










m* 






LL 


LL 




0 - QHX2: 




♦-• 2 : 
















0 


0 




CL II OC\J 




<- 










2 






Q 


Q 




•r 1-u.N^c^: 




qc ^ 










0 












xo 




HX 










Q 






Q 


Q 




XLUh-COLL 




00 CO 










LU 






LU 


LU 




c\i2:»-h « 




1 




in 






LU 






00 


00 




X< 2 Ih-oo 




00 •- 




• 






qc 






00 


00 




. 1 r->4 c/7 




00- 




0 






LL 






LU 


LU 




ir\4-H_JLULU 




LU-^ 




1 — ^ 












qC 


QtC 




X •IL 




0 : 2 ^ 




LL 






LL 






CL 


Qu 


X 


<0 Q- H- 


h~ 


KO 










0 






a 


— CL 


< 


2Ii--Iq:-J It 00 


00 


00»—i 




a 












3 


0 •» 3 


2- 


h-LLOLU^ 


LU 


00 




II 






LU 






00 


CQ 00 00 


H- 


Cjr ».LL»— I21IJU 


K 


U-il 




1 — 






LU 




— 


- 


3 K - 


(Lff 


LU- >-OH 




•-HLU 




u) 






OC 




00 


•» 


2 2 - 


LU 


— II (/) - »-4 <t 


X 






UJ 






0 




H 


X 


- LU-^X 




OHHD - 002 : 


< 


OOw 




H 






LU 




2 


in 


'-* 2 om 


0 


2 :^— IX^»“^ 


2 : 


<x 




- 






Q 




LU 


— 


II LUCQ - 


2 : 


>-LU:DC\JLUh~ 


>- 


— 1*-1 




— 










2 


in 


♦-4 o3in 


>- 


—210x1 — 1 


qc 


CLQC 




X 










LU 


4—4 


•- <2*-4 




i-<ox'^rD 




K 


0-- 


CM 






<X 




0 


•» 


• 3 — — 


H 


2I-J2:cOX- 


0 


QC< 


SZst- 


X 






2 in 




< 


— 


4—4 C\ 1—4 Kj 


2 : 


>• »— 4 0|_H — 


2 : 


LU2I 


CQ • 


X 


— • 




•» 




— 1 


* 


■«— ' 00 ii * 


> 


••LLOOf^QC X 


CQ 


3 :- 


-cx) 


in 


- 


< 


'-4 in 




CLOO 


0 4— 4j— 40 




LL 




0 


1—1—4 


• 


00 


2 


II 




00CQ2 


> Q »-2 


a. 


>-c^2:lu<x 


0 


O.X 


2IlU 


0 




- 


4—4 •» 




1 — 1 


2 


03 <-» 


> 


•>•00 »-2:x 


2 : 


CO 


corn 


1 — ^ 


2CL 


r— » 


— 




Q 


•"2 


0 — K 4— * 2 


•» 


2ILLO- CO 




qc 


— — 


LL 


♦-IO 


II 


— • 




t—4 0 


'-*-^ CC^O 


2 : 


LU >- II Qi • 


rvi 


0 


LL- 




OK 


in*-H 


-^4— 4 • 


0 


K II 4 — 4 


4—4 <ro*— * 


LU 


•-0- XOh- 


— 


LL- 


CQOQ 


- CL 


Qu.2 


— 


- 


CQ 


QC 4 4 h— 


q>k 




LL *— 4 — »-~4 1 1 t—4 


K 


K 


0^«P 


II 0 


— 


o-^ 


00>2 


2 


< 


1 — 1 


KCl 23*-4 


U- 


LUHXC^ LU 


2 : 


002 : 


0 •- 


CLh- 


1 


H4-4 


OCL 


— 


Q 


-Q 


00-^ 3 •'Q 


LU 


•'<C\)h-K 


CD 


h— LU 


2IX 


LU2 


< II 


W 


< -Q 


r— ^4 


2 


-^2 


04-4in o-'^2 




2iQi:x<*-4- 


— 


221 


2m 


h- - 


Q*-* 


o> 


0 — < 


II 


0 


4-40 


OQ • C04— 40 


51 


00 N^2I2: II 


H 


LU< 


Mxh" 00»-< 


0 


OCL 


04-40 


1 — 1 


0 


wO 


HDO wO 


00 


— * 1 — 1 oolh ♦— 4-^ 


2! 


1 


»-moo II 


2'- 


— 


w»J 


•» 


CQ>- 


-^2'-* OCL 


»— 4 


‘qC-j • 




o*~* 


h- *1175: ♦— 4 


♦—4 




QO 




Q>- 


O'-'U- C^00> 


0 


•CLOOO CL 


M 


•-hLL 


2ICOKO 4.* 




0»-4 


LU-JQ 


1 — 1 


QcQo: 


• - LU4-4Qi 


Q-O •'00f-4LLQ2I 




LL**- 




‘^2 — 


LUCL 


0 w 


♦- 4 OLU 


w 


LU2< 


0-^0 MQ< 


•— ILLOOLL _jO 


LL 


LL •- 


XLLX«-4*~4 


20 


OrO--- 


-I2*-4 


>- 


0 


0 


LUO— < 1 30 


LLLUOO*-* •'•OOLUO 


CQ 


LUX 


-m<Xw 


0:2 


LU^r-4 


CL •--! 


Q 


QC 


-2 


•co»-i 222 


00 vO 4-~4 CD “ HD ^ 


— 


OCNJ 


LL 


2<Cl 


O «- 


®o • 


CL4-4CL 


CQ 


LUhhID 


0 0 •'3 


( — 1 


-OCL II -l>X 


LL-* 


O'-* 


2 - 


2^20 


o»— * 


—120 


<'-'CL 


2 


rvl 




CQinK 2*“40 


omo.- xiD« •-« 


^in 


- X 


M20Z- 2 


» -w 


<1*— ' 4 


- <-». 




»» 


CQ 


- '--CQ 


CL 


• •*•♦—4 0 »• QC 


INJ • 


— — 


0 




— *««• 


2 LL 


t—4 








202 •- - 




o--.xo:oxh- 


0 


•^x- 




--•X 






-^Xin •- • 


•— t. 


-^xm - 


— '<IqC— X— •» 




r-4r-4C\JI— 5ICM< 




(MXmcM-- 


^c^c\Jln'-^ 


LLOO^CMvOXO 


0'-4(MKX 


LLUJO'-^CNjinx 


OLL>tX< v^2I 


OLLinx^f 


in m Lo X 0 Lox m 


4-4vOr-4vOX •-in'-* 


*-4KX 


-in 


*-4QCLLC0X00m 


sTC\J •-XSIOOX 


LOCO 


•^X -Yc 


•-X 


— 1—4 


-X •-CM 


»«»— 4 


•'XvO'^LL 


•» 


-XvO V-* 


•»X 




(J)OOoC 


— s_il> 


vOw-^ 


vOw 


\Q — 


sO--' \0 


in--* 


>0 ^ — 


invOw 




sO^'^'O 


*0 


LOh-'-^h-CQ 


wh- 


N-^h-in 


wh-^H 


wh- 


^h- h-- 


w 




K 


w| — 


w 


<LU<OOr^LL 


--<LU<X 


LU<LU< W 


LU<LU< 


<LU<LU< II 




LU<LU< 


LU<LU< 


Q2IH-2:U-0-* ^ 


Q2Ih-2:00« 




Q2K2IK2 


QK2K2 


h— 2h—2 


<QC«-hQC >-LUh-CO 


< 


- ♦— 4 QC »— 4 <t t— 4 QC »— 4 QH 


< qC»--icx:*— 'O iQ 


< 


*-4QC«-hQC 


♦-4QC4-4QC 


LUOc^OO- • 


LUOQCO II . 


^QC 0 OC 0 LU CCO QCO 


LUOcCOcCO< 


UUQCOCCO 


ocoqco 


□cu-isu.*--* 2ir^ 


c^ll::slllu 


• 3LL3LLCC3LL3LL 


OiLL 


3LL3LLO 


(X 


3LL 


3li- 


3LL3LL 




^c\jrn>tLn 




( 


CM 








r— i 












0 '—4 


0 


t—4 


CM 


m 


M- in 


0 


—4 Lf7 


in 


1—4 


in 


0 '-* in 




>t Nf 


m 


m 


in 


in 


in in 


0 


0 0 




K 


K 


CO CO CO 



o 



o 



o o 



69 



1 * DISPLACEMENT=* , FL 0 . 5 ) MA 1450 

MA 1460 



ooooooooooooo OOOOOOOOOOOOOOOOOOOOOOOOOOOO ooooo 

00 O' o r-j (Nj LH vO CO o c\) vj- in sO 03 O' o (\j ro nJ- in oo CT' o osJ ro <r in 'O 00 (J' o <^J 

>:f->:f''crLnLnLnLn inimnLomin vOnOOnOO O'OO 0'Or^f^r--r^r^r^r^r^r^r^aoGoaoaoaoaocoaoooooo>cr'(J' 



<<<<<<<< <<<<<<<<<<<<<<<<<<<<:< <<<<<C<<<<<< <<<<< 



*«• 

•Jf 



*Jr 













X 














0 














X 








X 






< 


H 






< 






a: 


X 




■Jf 


X 








»— ♦ 






X 






0 


Oxx 




■Jf 


00 






•— 1 


0.00 












H 


<< 




•M- 


0 






00 


XXX 


■Jt 


-JJ- 


^ < 






< 


< 


^r 




X 2 






X 


CJX> 




Ac 


t—i t—4 






(X 


u 


-JJ- 




CC. Q 








xxx 






1 .3 






X 


XX 






<XH- 






X 


XHH 


-5^ 


A: 


21 






H 


0 




Ar 


'^XO 








XX<XI^ 




Ar 


XI — 2~ 






X 


OOOOXOO 




A 


o<o 






1— 1 


x<< 




A- 


•-• 2:0 








OXXHXX 




•«• 


00^ 00 






XX 


H-» <00 00 00 




^5- 


ooxx 00 


H 






HX> QQ HX 






oooo xoox 


X2IX 


X 


qcqc 


H-t XXX XX 






0000 Xh-»xo: 


*-hX X 


1 — < 


H h:d 


QXXO OO'-'H 




-Jf 


XX xoo 1 — 


<<2‘— ‘ 


< 


X <OH 


XOOCsXXHOoO 




-ff 


XX-"*2XX00 


XX<X 


X 


XX 2 X 


ID X<<XX 






HI— XOx*-* 


HHXH 


h- 00 


2H-. 


OoooOX X 0 


•Jf 


-Jf 


0000*-hOHXH 


oooo»— •< 


00 00 


<o:xooi-«a 


OHHXXX2X*-t 






X HX 


X2: 


X 


XH •— «00<CL 


XXXHHX<H 






o:a:HXX<x 


r^M 


H X 


H-»<a:xa: oo 


• *—••—<0000 


•K- 




<<<•-••-< 2 : -J 2 ^0000 x>-x X 


X H 


X2IHXHXQ 


xoox3:3:xa< 




A: 


XX2! < 


H-tH-toooO XX 


X 00 


<X00<< 


<clclo XX 


oo-K- 


xx-^hhxx<xxoohh 


X 


XX2X 1 QO 


Q OOOOH Cl. 






OOOOl — X 2^H-t 1— 1 


QC X CL! X *— t »— ♦ 


< X 


XX H-tooOX 


^>>OOHHXH 


•)L a-j^ 


2XX<3 


HHHHHHCda: 


> X 


hhooh^x 


iDa:(D:xxxxxx 


-H7'f 


MMXH-<H-tX c? 00 0000 00 ooooo 0 


2:»-«oo^-* 


OOOOX Q 


a<<xxx2ixa 


l-^J- 


<>-X>-»ooHX 


<<xx 


♦-H ID 0000 


QCCLX CLXX 


XQOcL22<2 


•Jf- 


X o ^»— ^00 


KMMMXX 


<ox^ 


OOX2H*-«»-^ 


xxoxxx<o: 


2T^(- 


o:ooh-*xx I -jx>-x>-a xoooo 


o:xct:x 


XXXXOOQCX 


CLiDIDXXXH-txX 


-Jt 


<H-»H-tXXXOO< 


ID ID 


1 — 1 — 1 — 


XH HX 


o:oaoxxx»-‘X 




X^ 


xxxoa<>^i-x^2xx2-J-j 


002:00 


0000»-‘00X<X 


UJXX X2 




X-Jf 


QC a a a 00 X 2 : ^ ID Z) 


*-H X 


IDID 1 — >~X2< 


M XXXX ID 




Q-Jf 


<000 xx 


QQ 


H HH 


XXOOOOH 


X xxooaaxx 




A 


Ooooo :s3:H2xxxxxxaa 


ZLU2<22r)ID _(U.l-LUaO 0 



*«• Q-Tr 
•Tr 

<^{' 



■W- 
^ i 



-«■ 

a* 5 f 

4r I— -Jo 
<-??■ 
•Jf 

-jf- a^- 
ib 



iDUC) 3 :<<t>oujoooooci)s: 5 : LuoLU 5 :i-»*-^QQ 5 :QLL<aQO 0 : 01 : 0 : 0 : ^ 

Oo:o:<-j-j II uz:-j»-h<<ooluluo*-» o:o:ujLULULiJo:z) 

z:oo_j -^o<<<<<coooo <<<i-o:o:^ 5 :h-q i-o: 3 :o:LjjLucoaDa 3 aDLu 2 : 

<<< o:a:og2 :xxxxx 3:» - >x>— ii-i- tyoxujH-tLUQLuaDcQXSisi^iGD*--* 

^^^o:LjjLij -•-•oooooooo>~‘-‘ 0 ^-*idoo(>oo:o:>~<cl 2 :cq 2 :cd 2 : 5 :z)Z)ZDZ) 2 :x 
0:11 II LU 3 ::scg II 11 11 11 ii 11 11 2 :xoz) 11 3 n <tCLncno^:^<t:^zDZD:^:z:^'^ZD<i 
I— Mr^ 3:00 ►!— r^r^MrCr^r^ 3 IOo:O^OXrcr^LJJLiJ II || — J II I 0 gD 3 ^X II || II l| XX 

II >xaQLaxG 5 fX>x>x>-aOLULjja:Lu<x>xxa:siH>oax II X II iiq-x>— in 11 

-^OOOOCL II II H-tLULULJJKH’LULiJ> >-2: || |— || ^ || || UOOO^X || 2: II -i: II X >X CO CD LU CL O 
LULU II )_J--JCLCL II II LULOt^OH-H II II < <o: X — J < OCL CL LL --J-J X X 

^>>^XXCLLULULULUUJ--J_JLL 5 : II C?Of OO^X> X 51 QC CL CLX < CU CD CO CDQ LULU X LL n-t 

<< <co CO CO OQcjcj oo Q o X LUX X uj LUX Luxoo oo x»-« 2: 2: zx X X X ^ 2: 



00000000000000000000000000000000000000000000000 



70 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

CO in vO GO o c\j rn vQ r- 00 cr> o ^ rvj ro tn so h- 00 o ^ (\j m in <) CQ cjN o (\j CO in -o CO o 

O' o o o o o o o o o o ^ — f ^ ^ ^ (\j Ovj (\j c\j c\j (\j c\j c>vj ovj rvJ ro m rn CO CO m f n rn ro rn 

CNjcNJOsjrvj c\j(\j(\jc\jc\jc\j c\jc\jc\j(\j(\j(\jc\jc\jc\j(\jc\jc\j(\jc\j r\jc\j(\j(\jc\j(\j(\j(\j(\j(\j(\j rvjrvj 
<<<<<<<<<<<<<<<<<:<:<<<<<<<:<:<<<<<<<<< <<<<<<<<T<<<<< 
5: 2 : 5: 5: 5: 5: s: 5: 2 : 5: 5: 2 : 5: 5: 5: 5: 5: 5: 5: 5: 2 : 51 ^ 51 5: 51 2 : 2 :^ :s: 5: 51 5: 5: 5: 5: 5: sis: 5: 5 :^ 5 : 5:^ 2 : 2, 













Q 
















0 
















LU 
















1 — \ 














LU 


> 














0 s:-- 
















0 LUX 


h- 














>- OLU 


< 












Q 


0 CQO 














0 


OcQ 


Q 












LU 


0 — 0:0 


LU 












1 — \ 


0X0. a: 


cc 












> 


LULU Q- 


LU 














»— « ICC 


Q 














>cd<q: 


»— 1 












< 


Olu< 


00 












►—1 


i-a:xLu 


X 












^- 


OOCLOOX 


0 












1 — \ 


0 00 


0 














CLC^LU 






i0^ 








1 — « 


<XLU 


00 




X 










<LU|-X 


1 — t 




1 — t 








0 


J- 1- 






cc 




00 




K 


oiooq: 


h- 




1 


1- 


2 






0 Oo: 


X 




<x 


X 


0 




1— 


lllullO 


LUX 




X>-H 


LU 


» — 1 




2 : 


X LL 


x»-» 




^cc 


X 


\- 




LU 


Q_ |— M 


LU< 




2 1- 


LU 


»— » 




1- s: 


LU XM 


^cc 




0 x< 


0 


OOQ 




.2: LU 


f-CX3> 


LUI— 




HH ox 


LU 






LUXO 


ooCJ<3 


00 




00 t — 1 w 




2:00 




SI'-'LU 


LLf-< 


K 




OOX 00 


0 


»-iOQ 




<icc 


0 h- 


<1- 




LUO OOX 


H- » 


0 LU 




—J 1 — 1 — 


<0 II II 


XX 




CC*-^ LUO 


1— 


Ql>-UJ 




•— i<ToO 




1— ILI 




Q-00 CC*-~* 


t/)l/) 


cCcC 




LLXa: 


^LU 


3 




XX—^Q-OO 


<1—00 


o:<x 




\ — 1 


LUMOOOO 


x< 


1- 


OLUXXX 


-J2I— 


LUO 




LULUX 


X 0000 


o> 


X 


Oh- v-*OLU 


CLLU2 


^2LL 


00 


XX 


LU 00 LULU 


3-* 


LU 


o:oi— 


XLU 


Qc:30 


1— 


l-KO 


cc:^cccc 


003 


X 


xx^- 


XLUXXOO 


2 : 


2 : 


— 1 — 


0 


LU 




1— -JLUOOOQOO 


1 — » 


CCCC^ 


^3i>^oo 


•‘LU 


0 


1— • 


HHLUOO LU 


ooO 


00 a: 




00 


< 


X xx-^ 


LUlULUOLU 


1— Q- 


LLX2Q 


LUCCCC 


000 


3 


LUX'— < h-f— 


ILX 


lu-jq:c^ 


2 : 




ac:^<<(/) 


LU>—i 


Q- 


X— 'Q:a:i-xx 


X *— <0 a:OLuo 


LUO 


OOO 


0 LULUOO 


XH 


00 


<a:^-l— XLULU 


Ho:-Jll^muj 


x< 




LLooXXLU 


LUOO 


>— 1 


Q^-<<LUXX 


^-LU 


< OLLLUO 




UJOOOOX 


00< 


OLULU 


•-<<xxxoo 


i/><»— ‘LL^^ * 


□ .JO 


<<q: 


CLCCCC 


03 


f-H-XX OQ-Q- 


lux>oo:oqolu:z 


a:a:OLuoi— MMo 


30- 


LU<< 


lULUCLXX 


HH 


l-ZLU 




0 H-l 


h-h-G0X>'-' 


0 1 


1- XX XLULU X X XLU LU 



LUa.Li.LLO0 OOLLLLLL <00000 000 X 0000 -JZKhh^XXHHLU 

K'-'OOluxlloooooo- • < <ooo^-ooooll<ujoqoh-k 3:3: 
2:1— LUOOLU o^2XxLL<*-''-« LULUOf-siCLOCo: o:a:3:<< 

'Z^'Z.cLcc.c^ 0 C.CLCLCL oo 3 ■z.oc.c^.v-- ococ. OLu o Oc^o:: oo<o -J 

OLULULUOC^a::Q-LUaJLUQ0000LUXLUOOO2l-l— alf-OLLOOOOXXO 
OOCQCQLULULUCLCQCDCQLUOOOO-Ji— • O'— 'J— I— LUOOOOO II <QIOOLLLL cC.CC 

HHXXQXICQ3XXX— <X<I-<<X f— O I I OOOILULU 

OI II 33 II S:^00333-JOOO<O<*-«*-'LUMrvJo CLI— X>-OOOOLU3:3: 
o—:22:-*33 II :2^xclcl(xooxooo>>oxX‘^oo3 ii ii -jolului^oo 
O II II II II 11 < II II II II II —•LU LULU II II LL2— 'O — — LULU—.H-IOCLQ- 

>-wOOw II II OOXOCL II LLX2X2QQQ II MM || oOQ II '>>0. II II 

O-JLULUOOlO'-'OLU^-^OOOO'WO-i II II II ^X>-f-0 II '“* •" «->> II II II Of- 
II LUK>-OOCQQ^S:X •-"-•XSIX'-'MM 33000-0 -^CNJ || llOf-XXX 

oasixoi-33333'--ooLu>->'-'x>*^<<Lua>*^'^*^LLs:s:x2:2:x 

0 : 0 : 0000001 — I— I— I— f- 3^ xx>“ MM M 







-5f 




•Tr 




-51- 










-51- 






-5f 


•5f 






•5f 


-51- 






-5f 


-51- 






-51- 


-51- 


* 




-51- 


■5f 


■Jf 




-5f 


-51- 








^1- 














-51- 


-51- 


•Jt- 




-51- 


-51- 


•Jt 




-5t 


•5f 






■51- 








-51- 


-51- 


■«- 




•5f 


■51- 






-51- 


-51- 














-51- 


■5f 


* 






■51- 






•51- 


-5t 






•51- 


•5f 






•51- 


■5f 


■Jf 




-5^ 


-51- 






-51- 


■51- 






















-5t 








-51- 


•51- 






•51- 


•51- 






-5t 


-jj. 






•51- 


•51- 






-51- 


-51- 






-'1 


•51 






-51- 










^1- 














-51- 


-51- 


-«■ 




-51- 


-51- 






-51- 


-51- 






-5f 


-5^ 






* 


^1- 






■5f 


-51- 






•5f 


-51- 






-5^ 


■51- 






-5^ 


41- 








4f 






•51- 


-51- 


■K- 




•5f 


-51- 


•51- 




■51^ 


4f 


-51- 




^ 00 ^ 


-51- 




•5t 


■51- 




-51- X-51- 






LU-51- 


-5f 




-5^ X^^ 


-51- 


LU 


-51- 3-51- 


•5t 


3 


-5t K^l- 


-51- 


X 


-5f <^ 


-5f 


» — t 


-51- 1--51- 


-5f 


h- 


•5f i>0-5f 


•51 


X 


-51- 


•5f 


•51- 


0 


■51- ^--51' 


-5f 


0 


^ <-51- 


•5f 




-51- X-5f 


•5^ 


0 


•51- q:-51- 


-51- 


0 


■51- 0-51- 




r-^ 




LL 






00000000000000000000000000000000000000000 00000 



71 



90 FORMAT ( 5X, 'SYSTEM NODAL POINT NO. = • , I 5 , 5X , ' X ( 1) COORD. =',FL0.5 







^ Klff irf 1 . 



BrA nv r w ;|^H‘i 

mmiMi 






m 












ooooooooooooooooo OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
'I* ^ in in in LH in Lo LH ir^ in vO vO so sO nO ^o ^ nO sO r- cxj 00 CO CO CO 00 oo CO Of 1 

CNJ (\J (NJ CNJ (\J (\J (\J (NJ CNJ CNJ CNJ CNJ (\J (NJ (\J CNJ (NJ C\J C\J C\J CNJ CNJ (NJ CNJ (NJ C\J CNJ (NJ CNJ CNJ CNJ CNJ C\J (\J (\J (NJ CNJ (\J (\J (\J 

< <<<<<<<<<< <t< <<<<<<<<<< <r< << <r< <<<<<<<<< <K<i<<< <r< <r <r 





in o 














» 




•-H 








if 






if 




► LL 








if 






if 




•» »<• 








if 






if 




a 




•Jr 




if 






X 




UJ II 








if 






♦—4 




-J 








if 






oc 




O 








rr 






H 


CO 


^ 2 : 


coco 






if 






< 


• 


< > 


• • 






if 






2 : 


r- 


HH (X 


HH 






if 










(X 


r— lr-< —>1 






if 






UL 


UJ 


1— •» 


LULU in 


•Jf 




if 






LL 


»» 


— X 




•)^ 




if 






»— ♦ 




•-C 0 in 


fimt, t> •> — % ^ 


•M- 




if 






H- 


II 


Q ♦ •• 


in II II ® ® 


•je 




if 






00 


h— 


-JM in 


»-^iOHUJ II 


•JL 




if 








O 


LUr^ H-l 


••OOCXCL 


if 




if 






Q 


LU 


1— »LU •• 


- LULUOX 


•jf 




if 








• 


^ 0 


LU« ** _J 


if 




if 






< 


»> 


« LU 


__j *N *.»-hLU 


•jt- 




if 








X 


-J II CO 


oxx<o 


•«■ 


0 


if 






H 


o 


<l/) 


XOOLU^ 


if 


nO 


if 










H-»C? —9 




if 


CO 


if 






lU 




KLU -J 


*— » •. •.!— CO 


i^ 


0 


i^ 






2 : 


CO 


»—( 


cXcooo< 


if 


t 


•K 






< 


• 


^ :s 


« Q_ 


if 


0 • 


it' 






3 


r^ 


»-»x 


HXOOLU 


if 


in 


if 






»— 4 




0 K 


OC —1 —1 i 


if 


H 


if 






LL 


LU 


1——* ^ 


OLUIU® LU 


if 


CM 


if 








► 


< «- LU 


LL ► •• ►Q 


if 




if 






H 


• 


00 2 : 


0 «. X 


if 




if 






LL 


II 


00 • LU 


00 II II CMLU 


if 


< 


if 






0 




lum _J 


lumm •-> 


if 


2 : 


if 






00 


> 


00—9 LU 


oo>->rnH-« 


if 




if 








00 


00 LU 


OOLUOO»-hH 


•Jf 




if 






X 




LU •• 0 


LU ® ® 


il 


LL 


if 






H 


»<• 


(X® ^ 


(X - 0 


if 


II 


if 




1 


1 — » 


X 


h- II 0 h- 


HXXHLU 


if 




if 






3: 


o 


COM— 1 00 


0000^2 


if 


x: 


if 










>-*— ♦ c 


— ^,~4LU 


if 




if 






—1 LU 


in 


QLU _J 


Q •* ►2!< 


if 


• • 


if 




00 


4* — »H 


• --^00 


® CL 


200COLU 


if 


00 


if 




cc 


-jin^-i 




< 0. ^ 


< 0 *^00— » 


if 


►— e 


if 




LU 


LUCT^OO 


r-i cocoh- 


X COH 


hhlu*-»co 


if 


00 


if 




H 


-J ►O 


li. • 


OOOLU *x-^ 


00— *— 1 • 


if 


> 


if 






LLsOCL 


•• Oh-LU 


:z-9_joLuin 


:ZLULUXLUO 


if 


-J 


if 




3 




m 0^ CNJ r— < »» 


H -4 ®-OCM2 '• 


»-4 «K ©.»“4CXCM 


if 


< 


if 




0 


-9 II LUO 


II inQQ« 


<CO>-LU 0 


^ <® » XLULU 


if 




if 


-J 


0 


II CXHO 


• «^rn II 


cX •OCMLU-^CO (X II II HXvi- 


if 


< 


if 


LU 




-J<*-»i( 


• OO ••MO 


— -xuL 


0— •hmm<h •* 


if 




if 


-J 


LU 




Q r-|C\JOX-» 


OCO^ ►OH ► 


HOt>0XX2:® 0 


if 


0 


if 


LL 


5: 


22: IS if 


CC LL •-<*—» CO LUX— »• •- 


— lr-le» LUOO® ►— » 


if 


»— 1 


if 




0 


«i 


O 1 «» C\J »— 1 ». ^Ln*“* •• M LU •.€» •» «•“>< »—<«■» 


if 


H 


if 


1 


00 




0 -» 0 XC\J - •- 


rox® -cMX^TvOrnx -XLncM<f 


if 


00 


if 






LLLLLLX 


00 — 1—9 *.xx 


►CNJ II — • ►CM*— » 


► ••cmXXCMO ►< 


if 


< 


if 


LU 


LU 


3LULULUrn 


— ‘•"•xXOmXXMXXXSIXXXOOXXXco 


if 


-J 


if 


5: 


hsj 


_jLU c • *x 


^ ,-4 (>g ^ Lo X LHX X — < Lo X x\j in X X — » in 


if 


LU 


if 


0 




LU2IH1 — 1 — X 


OsJ^www^w 


» LU W W (X 




if 




if 










HH® HHH® 




if 


LU 


if 


II 


< 


II LL2: • • «H 


x<<<<<<<< ^<<< •■ 


<<<<<<<<< 


if 


X 


if 


-J 


i—i 


0 QX 1) 2I2:2:< 




if 


H 


if 


LU 


H 


II -9^ II XLULULUX 


••a: cx. q: QC Qi Qi ix a: o cx a: o:: in ix cr a: (X Qc: (X (X cr 


if 




if 


H 


i--» 


OC II <-J<— 'X 


xoooaaooo-«ooo 


oooooaooo 


if 


q: 


if 


5: 




0-JCULU>ULULLL0 


in LL U- LJ_ LL LL LL LU LL X LL LL LL in LL LL LL LL LL LL LL LL LL 


if 


o 


if 


:s: 


i--» 


X :2 ^ 2 : X LL 




r-^ f— ^ 




if 


LL 


if 








(M CM (M(\J CO ro CM -sT CMCMCM 


UM ^ CM cn CM CM CM 


•«■ 




if 






in 


MOOOOO'OOO OCMin 


roo— 1— >— <inoooN 


if 




if 






ON 


— *(MCM' 4 ' 0 'O OO r-^CMCM 


c^-sT^rM-^vrinmo^ 














r^r^cNjcMrororo c^roc^ 

















ooooooooooo ooo o 



72 



ZERO OUT THE GRANK MATRIX MA2890 



ooooooooooooooooooooooooooooooooCjoooooooooooooo 
o ^ c\j <r in vo r*-- <XD o c\J CO n|- in vO r- CO o c\j CT ) in vo 00 ch o rvj nT in nO <x) O' o ^ c\j CO <}■ la 'vO 
o^choooooooooo--*— <c\jc\}rvjrvjrvjrvjc\jrvjc\jrvjcnrnco rocororo 
(\jc>giNjovjcv(\jc\jc>govjc>gcocorOcoroo">(Ornco(OrO(0(OiO(OOOfncorococorocococorornrO(^WrorO(Ov‘On 
<<<T<<<<<< <<<<<<<<<< <<<<<C<<<<< <<<<<< <<<<<<<<<<< 
5i5:^5::£2:s::£s::g:s:5:5::5:5:5::^5:5:5:5:2:s5:s:5:5:5:s:5:2:2:5:2:5:2:5:s:2:5::2::s:5::>:::5:s:5: 



-n- 



*W- 

-w- 



00-M- 

•jt ore 
■K- 
•Jt 
-M- 

<* 
^ Sl^t- 
-it- 

-n-i/j-M- 

-n- 

■Jt- UJ^t- 







00 










it 2-M 












1 — 










it ll-K* 












2 










-Jf LL-it- 












1 — * 


•• 








it — 












O 


00 








it 












a 


1- 








a fjiit 














2 








it it 












q:: 


HH 








it t~it 












UJ 


o 








it ^it 












2 


a. 








it LU-it- 












Qc: 










-it- 2-i^ 












o 


-j 








■if LU^f 












o 


< 








-if O^f- 














Q 








it LU-if 












LU 


O 








■if -if 












-J 


2 








■if o-if 












o 




»> 






^f *-iit 












2 


U-. 


(\J 






it\-it 






2 






< 


O 


W 






■if OO^f 






o 






• — i 




X 






•if C^if 






II 






q: 


2 


CK 






it 3-if 












K 


O 








■if LU^f 


*«•—«% 




X 








1 — « 


“5 






If If 


2U- 




»— H 






UL 


1- ‘ 


•• 






If ex If 


0000 


3 








O 


< 


t-4 






If Olf 


HHt-H 


LU 


O 


LL 






o 


w 






If U-lf 


OO 


2 








00 


OQ- 


X 






If -if 


Q-CL 


3X 


-^X X 






LU 


-Jo 


«b 






If CL If 


+ + 


2^-H 


|»-H ►—« 


ZDca • • 




1— 


m H- 


“0 






If Olf 


• • 


»« 


• •w. • 


2200 




< 


►•2 ►-HI— < 








If Olf 






300000 


- - II II 




2 










If 3 If 


(\J ^ ^ ^ ,-1 ^ ^ CM ' 


II CM 


LL II II II It It 


f— 1 




►—« 


O'CNJ— « r-^C\)0 






If If 


II It II II It II it II It If If 


xr-: 




II II 0-0 




O 


COX II ' 


c^ 






If Olf 


—5.—^ • • 


»— 1.— < 


• .-lOvj^CMX 


HH “5 »• •• 


LU 


Ql 




»« 


LU 




If Olf 


—< CM m CM ro — « (\J rn CM CM 


»• 


LL|— ►.!—< 


►— < 1 — i 


3 


O 


vO'-' II II 


vO 


3 


O 


If If 




O vO O O CM CM 


OO--'- 


2 


o 






2 


II 


If uulf 


^ CM (M(NJ CO coxx 


O'-- 


II • ^ CK ►•2 




»— 1 


o 


LU<00Q-->“5LU 


1— 1 


o 


If 3^f 




olu 


--^XXXXXOO 


-‘-'22 


1- 




h-2— «0 - ► 


•H- 


1- 


2 


If Olf 


<<<<<<<<<LULU 


1— i| — X ►— « mh < — 1 


<< 


2 


2 


►-HCC 2— «(\J 


1— 1 


2 


< 


If 2 If 


1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 — ii II 


1— « 


>— 1 w- w CL 


OOQiCtX 


O 


l-H 


txoo II 


(X 


o 


oo 


If <lf 


LU LU LU LU LU LU U J LU UJ 2 Li. 


OCX 


^LLCLCLCLCLO 


OQOO 


O 


< 


2LLQ“5XX:S 


o 


2 


If -^If 




Ci3:o»-HOOOOh- 






1 










If ex If 








o 


o 


OJ 


o> 




o 




If f-lf 








vO 




O 


00 




00 




If If 









oo 



o ooo 



o o ooooo 



o o 



73 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

00 c^ o (\J rn vT sQ 00 c^ o ^ c>j rn Ln vO 00 o'^ o r\i CO vj- 00 o (\j fo vj- in vD 00 o CM rn >4- 
ro rn ro st >4- vT Ln Ln in in Ln in Ln Ln in Ln vo vO nO nO vO \0 nO nO vO r- r- r- r- r- X) CO 00 00 CO 

(<)rOrornrnrnrornrnrO(nrO m mro rOrO rom rnr 0 rnr<^rnrnt'nfr)rnrnrnr 0 rnr 0 rnrnrnr<'^r 0 r 0 r 0 r 0 rnrnr 0 rnr 0^"0 
<cc <<c<:<c<cc<ccc<cc<<tcccc<cc<ccccccccc<cc<<:cccc<:< 
5: 51 s; 5L 21 2 : 2 : 2 : 2L 5: ^ 2 : 2 : 5: 51 51 21 2 : 5 : s: 2 : 2 :^ 2 : ^ 2 : 2 : 5 :^ 5 ; 2 : 2 : 5 :^: 2 : 5 : 5 : ^5: 512: sis: 21 



m: 

rsl 

> 

< 

CO 



a: 

< 



CO 

CO 

LU 



CO 








LU 






LU 








U_ 






H-l 














1- 








1- 






►— 1 






• 


CO 






f- 






nj 








2! 






X 


H- 






< 














Z) 






rO 


LU 






or 






CO 


s: 












•If 


LU 






0 




as #i* r» *% •» 


OsJ 








►— < 




,-<,-4^C\JC\JC\J 


< 


LU 






a: 




W* 


1 




• • 




1 — 


»— < c\j rO 


xxxxxx 


nj 




rOvOOO 




LU 




1 1 1 1 1 1 


CQ 




II II 




s: 


XXX 




■Jf 


vO 


» ,— 1 ^^ 




0 




1 “O 1 


rO 


X 


II II 




LU 


<ww- W 




c 


vO 


•• *. 


LU 


0 


sisis: 




w 




•— iH- « ( 


Z) 




LULULU 


,^^^CNjnj(NJ 


II 


LU 


00 •* •* 


:z 


LU 


1 — 1 — 






X 


ininxx 


1 — « 


1- 


»-~l •— IHH 


XXXXXX 


X 


1- 


O'! rO^*^ 


h- 


ID 


II II II 


II II II II It II 


HH 






2 : 


Q- 




'^(NJCH'-'CMrO 




s: 


oox> 


0 


s: 




CC<CQCQCQ 


< 


QC 


QQMrvI 


0 


0 








0 






0 








U. 




0 














Ln 














rO 



.-I OsJrO f\J ^ro roc>o»-^— < f\Jro nj 

CO CQCQ CO COCO COCOCOC C< C 

-Jf (\JrO-it- -if rO-J^ ^ -5t ^ (NJcO-5f rO 

• CQCQ • •CQ •CO • *0000 • • • • • <I e <I 

rO I I I rn I >4"-4- I I rO-4’-4-rO | | I rO I 

It II II II II II II II II II II II II II II It II II II II II II II 



nj rn vO ^ nj m -vh in nj m in o *-» c\j m ■4’ vO ^ m 
^ ^ ^ ^ ^ nj ;-\j (\j nj nj CO ro m m m ^ c\l (\j 
xxxxxxxxxxxxxxxxxxxxxxx 



XXX XX XXX XXX XX XX >->->->->->- >->- 
rvIMMMiXMrvIrvIMrNjMMMMMrNlMrvIMMMMrNl 



000 



o 000 



o u 



74 



ooooooo ooooooooooooooooooooooooooooooooooooooooo 

m^o^-coa^o— ^cNirONj-irvor^coa^o— cr* o»-‘c\j('Ovrin'>or^coa'o^-<tNJ 
oococooDco c^c^ C7>CP'Cr'0^o>a> CT'CT'OOOOOO »r-«r-i^c\jc\jc\jc\jc\jc\jc\jc\jc\jc\jrnrirn 

n f n n ro '4- st <r vt N3- Nf Nt ‘J- ♦ t ^ 'J' <t- 

< < < < <i<i<K < << <K<i<i< <<:< <t << vcc < < << < <t< < < << cc << < < < << <t < <i<r<i 
si5:s:5:5:5:xs::i:^ si5:2:s:s:s:2i:s:s:s:s: 













•)? ’Jt- 

•Jf * 

•Jr 

•Jf ^ 




















-Jr 


























0 














a 






UJ 














•JJ- 






H 














^ •J^ 






< 




















z: 














•J< -}{^ 






1 — « 














•>1 ^ 






s: 








































LU 














i! 






f— 














-ji- 






00 




















1 — « 
























o 










-Jr 






2 : 




















< 




X 










•K -li- 






q: 




» — t 










^ -Ji- 






0 




sj^ 
















0 




X 










■)( -It 






cc 




M 




— * 






•Jt 






CL 




•M 




X 




















1 — i 




vO 


•Jt 






0 




O 




w 






•Jf -Jf 






00 








<I 






-Jf- 


















II 


•Jt X^f 






Z! 








• 




I — t 








< 




<*^ 




vO 






a:^f 


•« 




OQ 




h~ 




a> 






•Jf 






0 




UJO 




w 




vO 


<i 






Z CO 




M ► 




X 






•jf 






< a>LLO 




X 












M 




CQ 0^00 












II 


•jf 


+ 




z ^0 








»> 






•jt 






vOKCT' 




•'>“ 




» — t 






•jf <^t 


IS3::2 




— wZ) 




:^rvi 










rr Odif 


o z:z:z: 




r — -*luclo 
















Q> II e. ei. 




CMni— z:h 




X— 




rvl 






* 


QS 




QN f— < * — • 1 — f 




►— « 1 








»— 4 




►— 4 t— » 




^ ^a: 0 




'W' *> 










if UJi{ 


O <1'^^ 




vo*> :szo 




x^ 




X 






if f-if 


H* CQn<£n,^ 




^11 








»-H 




rvl 


if 00 if 


zrzz: 




LUO-^ ^ 




^fO COCNJr-J +< 




w 




w 


if >-if 


o << 




HZOoiO 




<< <<< 




H 




w 


if 00 if 


O 




»-H<z:oz: 




^ rr -)r -^UJ 










if i^ 


-- QOO 




CCcQ<tOC<t 




• • <[ <[ • • • rvj 




— 




-.««» 


if LUif 


-- z: II II 




3:zcqq^cq 




'^'4' ! 1 cO'^'NfvOvO coro^-<^f 




X 




CO 


if Xif 


sO“OsO 




- zuJz: 




II II II II II II II 




»— < 




CO 


if f-if 


*• ► e'X*— i*-«cQ3::s: 




«•«• »> «M C 




O"^ »— ^ » 1 — < r— < N/ !-»»< 








ro 


if if 


^ X "1- z: 2 : z: 




^XLU *-LU 




^in^csjroinvo li non ii m ► 




o 




CO 


if LLif 


II *-H II •*— « • ► 




•inzx:z 






LU 


II 


LU 




if Oif 


\/ r>' |«— ►— 1 1^" 


LULUlU 


o'^N • 


LU 


(Njcsjcornncoro ► 


Z) 




Z) 


vO 


if if 


s: LUO 1 o»-'»-* 


Z)Z)Z) 


LUwZ-^'Z 


Z) 




z: 






w 


if >-if 


mujof— •»— ' 


z:^z: 


• 1 — <t 1 — <c 


z 


XXXXXXXOO ►CT'O' 


1— « 


•s 


1 — t 


LU 


if -Jif 


O'f-CT'^ 


J-H »-H »-H 


— !<CQ<tCQ 


»-H 


>-H »-H »-H »-H ►— 4 »-H 1— « *4* *-*H CO fQ »-H 




H-4 


y- 


1 — 


if CQif 


0s^os II ^-l^-4z:z:z: 


KKf- 


zrzzzz: 


f~ 


w WW’W''W»>^.W w <W>>~ 


z: 


w> 


z: 


H-4 


if 2: if 


II II < 


z:^z: 


--q:^ixw 


z 


>>->->->•>•>- o o M a u ^ M 


a 




o 


cc 


if LU if 


Lj^-HO»-HU_3:u_aLQi 


ouo 


llolloll 


0 


rvJrvjrvJrvJrvJMrvJ QQMQQrvJ -f- 


o 


rvj 


o 


:s 


if coif 


Q»-hQ»-h»-h^>-400 


000 


»-H LL LL»— • 


0 


r-^ 


o 




o 




if 00 if 
if <Xif 




oino 


CO 


0 




O' 




o 




if if 




O'OO 


O' C7> 


*— 4 




m 












O'OO 


o> o> 


0 



o o o ooooooo 



o o 



o 



75 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ro vj- LO vu o) O' o o J ro Lo vo CO o ^ (\j sO o (Nj ro 'cr in ^ r- o (\j n’l si- in 'O r- CO o 

rn ro CO CO rn CO CO sT st s^- in Ln iiA in in in Ln Lp> in in sO nO sO <:) <) so vo sO sO nO r- r- r- 00 

s^- st <r >4" <f scr ^ vt sli’ st st st S^" 'T st s:^ st sj- s^" vt ^ <f sj- sj- n{" N^ S^" sj- sj- sj- sj- ^ s;r 

<<<<<<:<:<<<<<:<<:<<:<:<:<:<:< 

5IX3:5::^2:2:2:5:5:2i;5:2:2:5::es.2:2:s:5:s:5:5:^2::s_5:2:5::5:s::^5::^ 212:5:3:^5: sis: 







LU 




























X 


























•)[- 






-ib 


ib 


•Jf 








ib ib 










•«- 


*— 1 




-ib 


ib 


ib 








Ht- ib 










•ir 


a:<r 






ib 


Hr 








ib ib 












•Oa'i 


IL 


-ib 


ib 


Ht- 








ib ib 












OOLLh- 


0 


-u- 


ib 


ib 








ib if 












2 : 00 




ib 


ib 


if 








if- ib 










•Jf 


ac>o 1 


H 


ib 


if 


ib 








ib ib 










■«- 


>-iLUoO 


o: 


-ib 


ib 


if 








•Ur ib 












KC/)t>0 


< 




ib 


ib 








ib re 














»■“ 


-ib 


ib 


ib 








ib ib 










•5f 


QLUa: 


00 


-ib 


ib 


ib 








ib ib 












2q:h- 




-ib 


ii- 


ib 








ib ib 












Uh-<^> 


LU 


-ib 


ib 


ib 








ib ib 










•if- 


OOO 


X 




ib 


ib 








ib ib 












0 


K 




ib 


if 








ib ib 










•5e 


>Qh-i 






ib 


ib 








ib ib 










•«- 


0 : 2 : 1 - 


a: 


-ib 


if 


ib 








ib ib 










■J5- 


<t <00 


o 


-ib 


ib 


•Ur 








Hf ib 










■i^ 


Q <: 


LL 


-ib 


ib 


if- 








Hf ib 












2c/)-J 






ib 


ib 








ib ib 












^2:lu 


•« 


-Ur 


ib 


-!b 








-ib Ht- 










•«- 


o»-« 


1— 


-Ur 


ib 


ib 








ib ib 












CO<t LU 


2 


ib 


ib 


ib 








ibi^>ib 










•«- 


oix 


LU 


-Ur 


ib 


ib 








Ht 2Ht- 












QKK 


2 


ib 


ib 


ib 








ib O Hf 








0 




Xc>0 


LU 


-ib 


if 


ib 








Hr Ht- 








»> 


^r 


c 00 


0 


-u- 


ib 


ib 








Hf H Hf 










•j:- 


•-LU 


C 


ib 


ib 


Ht- 








ib^ib 








li 




00 00 00 


-J 


-ib 


ib 


ib 








H^ QHt- 








HH 


rc 


Qh-=) 


Q_ 


ib 


ib 


ib 








ib 2Ht- 








»> 




<3*2 


00 


ib 


ib 


u- 








ib OHt- 












OLua) 


►— « 


ib 


il- 


ib 








ib i^ib 








sO 




^ 5:00 


Q 


ib 


ib 


ib 








ib ib 








•« 


•if- 


LULU 


» 


ib 


ib 


ib 




0 




Hf >-ib 








t J 


•«- 


LU02--^ 


X 


ib 


ib 


Ht- 




sO 




ib c^ib 








It 


-jt- 


h-dJLO 


OLU 


ib 


ib 


ib 








Hr CHf 








■0 


•«- 


C^IXCO 


Q 


ib 


ib 


ib 








ib QHf 








•« 




QQ_ h-iQn 


K 


ib 


ib 


ib 








ib 2HC- 












Ooof-m 


2 II 


ib 


ib 


ib 




0 




ib O^f- 












X^OO 1 


LU 


ib 


if 


C^ib 




K 




ib OH^ 








■» 




20 0 


2IS 


ib 


ib Oib 








ib CQib 








J— 1 


■}f 


0 2 r^ 


LUO 


ib 


rc b-ib 




O 




Ht ib 


0 






w 


-M- 


ooLuin 


0 : 


ib 


ib O-M- 




0 




Hf LUH^ 


00 










02H-st 




ib 


ib LU-«- 








if \--ib 


r— 1 






2 : 


•if- 


<t hhoO 


2S 


ib 


ib >ib 








ib C ib 


1— 1 






< 


•if- 




»— « S_I^ 


ib 


ib 


ib 




0 




if QH^ 








a: 




O«J00< 


M 


ib 


ibaib 




• 




ib 04i- 


0 






0 




H-O'-'X 


h- 


ib 


ib Cib 


LL 


Of 




ib 2H^ 


K 








-if- 


00 ^ 


00 UJ 


ib 


ib aib 


Q 


LU 




ib aib 


2 








-if- 


^ujo: 


LU-J 


ib 


•5^ ^ib 


2 


•-J 




HC- 0 Hf 


0 < 0 








-Ur 


2q:o • 


KO 


ib 


ib 


ib 


=) 


-J< 




ib Uib 


CD CD «0 • 




• 


— 


■Ur 


< 


>• 


ib 


ib C^ib 


2 


<2 




ibCib 


2 2 0 0 




r-l 


CO 


rr 


o:lu>lu 


<0 


ib 


ib LU-M- 




2 - 




Hf ib 


•. II -«». 1) 




II 


CO 




ox<q: 




ib 


ib *-*ib 


r-^ 


w 1 




ib OHt 


t-J OsJ r— i 






CO 


-Ur 


1 — XLU 


LUO 


ib 


ib ^ib 


11 


X II • 




ibb^ib 


II II 0 




r-4 


CO 


-u- 


> LUX 


00*-H 


ib 


ib CL^f 


►— 1 


►-H H*H w* 




Ht- ib 


»— ’ *-h~ 0 * 




»• 


»> 


-ib 


LLCU CD 


OK 


ib 


ib Q-ib 






LU 


Hf ^ib 




LU 


0 


nO 


-U- 


H-lh- ^ 


ot>o 


ib 


<Xib 


0 • 


OOCL 


0 


ib 2-Jf 


0>-0OO 


0 


0 




ib 


QCOO 


X< 


ib 


ib 


ib 


00 


m-J II 


2 


Hf <Hf 


0000 1 


2 


«— r 


LU 




0 


O-i 


if 


ib LU-Jt- 


^ II 


t— iO«^ 


1 — « 


if 0 : if 




t — « 




K 


-}{- 


20KK 


CL 


ib 


ib X-K’ 




^20 


K 


ib OHf 


^2^02w2: 


h- 


2 


I — « 


-u 


Ot>0< 




ib 


ib Hib 


►-H 


i II 0 


2 


Hf Hf 


It II <r <: 


2 


< 


q: 


ib 




-^LU 


ib 


ib 


ib 


LJw. 


OO'-' 


O 


^f LUHf 


a'^a:^cciLcc 


O 


CC 


:s 


■ib 


•<_JLU 


•X 


ib 


ib 1-^ 


OCL 


QOC^ 


0 


ib 00 Hf 


QOQ^O^O 


0 


0 




■ib 


^OLuo: 


lAK 


ib 


ib Z)ib 








Hf — 'Hf 










ib 






ib 


ib CL^^ 


00 


0 


H(- >Hf 


0 


0 






■ib 






ib 


if- 


2Hf 


mo 




\s\ 


Hf LUHf 


vO 


00 
















t — « 


0-1 




0 : 




r-l 


















f— 1 r— < 


1 


r-l 










»ooooooooooooooooooooooo 


0 < 


00000 ' 


0 0 



76 



i 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
cNj nT ir» vO CO o <^J in vo r- CO o CM ro vO CO CJ^ o c\j ro nT LT\ vO CO O cNj cn vj- in sc r - 00 
00 CO 00 CO 00 00 CO CO 00 cr» O*^ 0> or o> 0> O cr^ O O O O o o O o o o ^ —1 --4 — J — « .-4 CM C\J C\J CM C\J OvJ C\! C\J CM 

<r>t in in in in in in in in in in in in in mm in mm mm in in in in in in in 

< <r <r <r <r <r <r <r < < <r <r < <r <r <r <r <r < <r <r < < <r <<r <r <r <r <r < < <i<r <r <r <r <r <r <r < < <r <r <r < <r < 
51 5:^:2: 51 5: 5: 5: 5: 51 51^ 5: 51 ^51 5: 515: 51 s: 51 5:^5:^^ 51 5: 5: sillies: 51 51 212:^5: 51 51:^5: 



41 - •}{- 

-M- -it 
4f 

4 (- 4 ^- 

•Ji- “Jr 

-Jf 

-K- 

•M- « 

-K- 

CQ-)f 
^ -K- 

•)f UJ*Jf 

■J{- LU^ 
•?? O-Jt- 



■Jf <4f 
■JJ- CL 4 (- 
•«■ 

-«■ Q-Ji- 

-«■ (D^ir 
CC^ir 
UJ-«- 

-«- -«■ 
4 {- 



O 

00 

CM 



O 

lQ 

3 



O 

O 

CM 



O 

CQ 

3 

-}f 



O 

CM 

CM 



O 

O 



O 

CQ 

3 

■>V 

3 

3 

3 

»> 

3 

3 



O 

CM 



LL 

O 

s: 

3 









00 


3 






2 
















-Ji- lij-jf 


COCQ H-i 0 


3 


LL ro^ 




< 
















-«■ h-Jt 


3 0 




Q 2 




CO *0 • 




• 












-jf 




3 < 


.- 4 ^ ^ < 




2 000 




r— 4 














0 -—CM + 


3 cc 


13 CL 




- H !! 




II -- 




CM 








-M- 0-5f 


• f—4 >— H C*0 i~-l 


3 0 


22: 0 




f-4 




-«n* 1— ♦ 




00 








•Jf 51-}f 


OW '-'CM< •> 


II 1 


< • h- n »-* 1 




II 51-45: 








CM 








04f- 


LUi-h CLi-<aQh- 


3 


CQI— LL 3-{-^ 




51-4 




^0 




.—4 








04J- 


® 00 *^2(3 


1-4 -DUJ 


23QO 33 


LU 


+ 31— 


LU 


3CQ 


LU 


•% 








^O-Jf 


00 »-HvO 1 » 


0-i-'--3*-4+ eSIOO-^w 


3 


023 1^2 


3 


33 


3 


nO 










CQvO O'— 33 


-43Cl^+-D^ 3 m I CX. 


2 


^ 1 


2 


II 


2 


w 










3CM-^3uJ33-^ 


CM 1 H h-i-5-:>^2-^cm-5 (1 


►— 1 


cM3^:2ijL 


1 — 1 




H-l 


LU 








■JJ- 0-J5- 


ii 3 II 


—43'-*h-3 II it ^^-4 (1 ^ 


h- 




h- 


23 


h- 


H 










w w. II 


33^ 


I! 33 


2 


it < 


2 


<3 


2 


»— 1 










LL003q: 3U.30 II wOi^^U-:^^^03'— 


0 


O^CLLLO: 


0 


CL^ 


0 


cc 










H-iQ>3:S3HH-5Q^CLO^«i:^>-t^ -Q-^CL 


0 


Q ^O^-'O 


0 


OCL 


0 


3 : 




• 


LU 


-jf 2:-j(- 


3 




H 


LU 












UJ 


0 


3 


-Jf- 


II 




0 


3 












3 


II 










• 


2 












2 














KH 












1 — 1 


3 


h- 


^ -M- 








H 












1- 


3 


2 : 


•«- UJ-M- 


0 




w 


2 : 












2 




o 


LO^ 


CQ 




LL 


0 












0 


Q. 


0 




3 




1 — j 


0 












0 






-«■ >•«- 
























0 


-K^ 10 ^ 




0 0 


0 


om 




0 




0 




0 




cr> 


q:-«- 




0 *— 4 


CM 


corn 




<r 




xO 




CO 




1—4 






CM CM 


CM 


CM CM 




CM 




CM 




CM 










f— 4 1—4 


1—4 


f— 4 1—4 




r — 4 




1—4 




1—4 




0 


00000 0 






0 < 


3 


0 ' 


0 < 


3 ' 


303 



77 



OOOOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

o »-i (^J rn Nd" ^ vO o (^J CO in CO cj* o r -4 LO r- CO o c\f in sO r* 00 o r\j ro LO vO 

(\j rn ro rn n ro ro (n ro CO ro sT ^ * 4 " ^ vt vT sj- vf in in in in in in in in in in nO vO vO nO nO vO vO nO .0 r- r- r- r- 
in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in in m in 
<<< <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<;<<<<<<<<<<<<< 
2i5:5:5:5:5::2:2:5:5:^5:2::s:5:5:2:5:5:2i2:>z:>:2:^.'^2::s:5:2:5_5:5:2::£:2:5:5:5_2:5::^5::§:2:5:5:2: 







•R 


R R 












R R 












-JJ- 


1 — 


•R 


R R 












R R 












-M- 


KZ 


-R 


■Jf R 












R R 












•}f 


2 :uj 




R R 












^t R 














LU 5 I 




R R 












^t R 














51 LU 




R R' 












R R 














Luo: 




R R 












R R 














oo 


■R 


R -Jl- 












^'t R 














< 2: 




R 7 't 












R ^t 














O'-* 


•Jf 


R R 












R R 














CL 


■R 


R R 












■Jt R 














mui 


•R 


R R 












R R 












4 f 


H-lC/) 


■)(■ 


R R 












R R 














OUJ 


•R 


R R 












R R 














0: 


•R 


R ■}{■ 












R R 














UJK 


-R 


R 












R R 












•K* 


XOO 




R R 












R -Jt 














H* 


R 


R ■Jt 












^t R 














LU 


•R 


R ■Jt 












R R 












•Jf 


o:x 


R 


R R 












R R 














Of- 


R 


-Jt R 












R R 












■M- 


U- 


R 


R ---Jt 












•It R 














0 


•>{- 


R r- 4 ^ 












R R 
















•R 


■Jt •‘■Jt 












R R 












■Jt 


o< 


■J^- 


R ■Jt 












•It R 














1— 1 




R »— iR 












.-Jt R 














KF- 


•R- 


R inR 












-Jt R 
















■R 


R -R 












•Jt R 














=>UJ 


R 


R in Jt 












R R 


















R -^R 












R -Jt 












■M- 


LULU 


•R 


R C\fR 












R R 












■M- 


a: 


•R 


■Jt «-R 




IX 








■Jt R 












■Jr 


LUO 


•R 


R r-lR 




0 








R — R 














02: 




R •'■Jt 




X 








R LU.Jf 


X 












ac»—» 


•R 


R 2 TR 




0 








R OR 


0 










■Jr 


0 




-Jt 




2 : 








-Jt •- -Jt 


2 










■M- 


UL 2 : 


R 


R COR 












R OR 


0 










•Jf 


I -• 


R 


R ^R 












R 2 R 


2 










•Jf 


H< 


R 


R •‘R 




II 








R <R 




0 








■Jf 


:^:cc. 


R 


R LUR 




H-tLL 








R C^R 




R 






00 


■Jf 


inh- 




R OR 




0 








R OR 


II 


X 






• 


■Jf 


:^<y) 


R 


R :^R 












R -Jt 


1— » 








0 


•Jf 


LU 


R 


R =>R 












R CLR 




II 






CMO 


■Jf 


oiu 


R 


R 2 :r 




•-^2 








^t •‘R 




X 






1 1 1 


■ ■Jf 


<x 


R 


R •'R 












R 2 R 


1—4 








-O 


•Jf 


-JK 


R 


R CLR 




Ql 








R <R 




> 






•» CO 


■Jf 


CL 


R 


R- «-R 




•*. II 








R COR 


X 


0 






II 




00 LU 


R 


R i^R 




»— f 1— «i— f 




IX 




R 2 R 


»» 


DC 


X 




>-o 




•-K 


R 


R 2 :r 






LU 


Q 




R •'R 


1-4 


X 


0 




Oh- 




o< 




R <R 




OO. 


z> 


2 




R XR 


w 


2 


2 




XOC 






■Jt- 


R OCR 




II 


2 


=> 




R OR 




X 


0^ 




LUO 


■Jf 


LU 30 


R 


R OR 




(MOvJ^ 


H- 1 


2 




R 2 R 






2 »-< 




--20 




xoo 


. ^t- 


R— -R 




OOr-41-t 


h- 


*> 




R OR 


CM 


X 






CMX 




K-JCO 


R 


R OR 




CM w 


2 


f— < 




R 2 R 


CO 


X 


f-ix 




in- ^ 


-Jf 


< in 


R 


R LUR 




- 40 LU 


0 


II 




R-,^>f 


CM 


h- 


II 0 




CO 




LUO 1 


R 


R OR 




•-OO 


0 


H- 1 




R •-‘R 


»— < 




H-tR 




xX • 




> 0 


R 


R XR 


L— 


vO 






LU 


R OR 


•« 


X 




X 


•'inx 




02: ro 


^r 


R <R 


0 


w 




in • 


=> 


R OR 


vO 


H- 


Oh-. 


0 


vO -^2 


-Jf 


OlU^t 


R 


R COR 


CL 






0>o 


2 


R 




< 


in'— 


2 


• 


•Jf 


ooxm 


R 


R R 




LU 




CM II 


I— 1 


R R 


X 


0 


cox 


1 — f 


x<o 




H* 


R 


R -JR 


0 






f— < 


1 - 


R OR 


1 - 


0 


• f— 1 


1 - 


1-22 






■Jf 


ROR 


O 


H- 1 




H- 1 


2 


R OR 


H - 1 


0 


0 X 


2 


H-.QC'— 


•Jf 


--Q< 


R 


R <R 




QC 




LJ — 


U 


R <R 


QC 


X 


II 0 II 


a 


xox 


■Ji- 


• 2 :x 


R 


ROR 


L- 


3: 




OCL 


0 


R OR 


3: 


<t 


xox 


0 


^x*-. 


•Jf 


vO<-^ 




R R 


2: 










R -Jt 




0 








•R* 




R 


R R 


HH 




0 






R -Jt 








0 


(M 


•R 




R 


R R 


a: 








o> 


R R 








in 


in 










CL 




CM 




CM 










CO 


rn 














»— < 




f— < 












F— . 


>0000000000000 ooooo 


0 1 


0 ' 


0 ' 


00 000000 ' 


0 < 


0 



o 



78 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

o (\j ro sj- in vO CO O' o r-i (Nj sT in sO o (Nj sT in o cxD c 7 > o (\j rn sT in 00 cr* o c\J cn sT 

(^r^r^cx^cwrocx^cooocrjcocooo o^c 7 ' C'<>cr*a^cr' ct'CT' o'ooooo cm 

in in in in in in in in »n in in in in in in in in in in in ^0 nO 'O vO vO ^ vO sO vo sO 'O xo vO vo o vfj sO o vO nO sO 'O <) 'O 



























X 
















1 














3 «- 


St 














O 














X o 


St 






•«- -ft- 








q: 














»— 4 \Q 


St 






-Jf 








Q 














x >00 


St 






* ■«■ 








>- 1 














<3vO 


St 






^ •>> 








XX 












•5r 


XX 1 


St 














o 














20 


St 






•« 








LUO 












•Jf 


x»-<rf| 


St 








• 






X 














X eg 


St 






* 


OO 




















h“ X sO 


St 








00 






X 














o 


St 








LU 






x<3: 












^s- 


X 


St 








q: 






o 












•Jl- 


h- 1— <C 


St 






•J'f 








z: 














•-H2X 


St 








00 






20 














3LU-^ 


St 














o»-« 














X 


St 






•}{- 


h- 






*— 'LO 
















St 








z: 






002 












St 


200 • 


St 






•JJ- 


LU 




X 


LU 












St 


LU3Q 


St 






^ X-Jli 


X 




00 


XH- 












St 


X3X 


St 






^ LU^J- 


<1 




LU 


X 












st- 


XO X 


st- 








> 




> 


H* h— 












st 




fr 




• 




»— 4 




<l 


2 












St 


X > 


St 




o 




3 






Olu 




CNJ 








St 


• 


St 




_J 




Of 


















St 


XXI— 


St 




LU 


•?r r-sMl 


LU 




X 


LU 












St 


X •< 


St 




1— « 








LU 


ox 












St 


1—4—4 


St 




>- 


-M- LU^- 


51 




X 


z:x 




X 




X 




St 


•*oO 


St 








3 




3 


P— 4 »— 4 




P—4 




»— 4 




St 


|— • 4—4 


St 




X 


•Jf 


X 




X 


QO 












St 


<x 


St 




o 


^ x-j;- 


»— 4 






oc 








1- 




St 


XIUI- 


St 




<a 


•Jf X^<- 


X 




»— i 


ox 




> 




o 




St 


1—4-42 


St 




LU 




<1 




II 


OH- 




00 




X 




St 


>4-4 


St 




q: 




X 




l— 4 


O^-H 








•7 




St 


o o 


St 






•«- >--Jf 






•» 


<3: 




+ 




2 




St 


OOXX 


St 




o 


*Jt 00 >i 


LU 














P — 4 




St 


< 


St 




H 




X 




1 — 4 


200 




OsJX X 




X 




St 


O0»— ‘X 


St 






•jf Mrc 


t— 






ox 




H-l »-H 




LU 




St 


XI— X 


St 




H 


Xit 






M 


»-i <f 




w v-^O 




cC 




St 


O'-HO 


St 




2 


o0-«- 


X 




>- 


(Y *—* 




•—1— 1-0 




•» 




St 


X22 


St 




LU 


■»J' 




M 


3 


lua: 




0X0 Osj- 




X 




St 


<I 4—4 4—4 


St 








P — 4 


X 


< 


LU 




s:»-iLu meg 




cC 




St 


> OO 


St 




LU 


^ >--)f 


:s 


00 




•-^H 




X X 




»• 




St 


1— 


St 




X 








»• 


CY <t • 




II MXLUXO 




X 




St 


o<< 


St 




LU 




H 


LU 




0X00 




5!X>-ct:>-H. 




X 




St 


1—4 


St 








z: 




►—4 


LU 




>00 II II n 




> 




St 


I-OOH 


St 




h- 




LU 


< 


W 


oq:> 


X 


— LU2LUO 




»— 4 




St 


004— *<C 


St 




00 




X 


q: 


M 


xoq: 


LU 


Wrf (J) 




»> 




SI 


< X 


St 




a: 


•}f X-Jf 


LU 


LU 


X 


XX3 


X 


X 




X 




St 


XOOl— 


St 




1— < 


i?- 3^5- 


X 


> 


3 


K-. O 


3 


o 




P—4 




St 


xoo 


St 




X 


^ < •«- 


LU 


<1 


< 


>-LU 


2 


®mxQ:x2 








St 


xo 


St 












h- 


a:o 




1— x*-< 








St 


xq:oo 


St 




LU 




LU 


LU 




LUOX 




xH-X'-xs: 




CM 




St 


XI- 


St 




X 


•Jf 3-}(- 


X 


X 




Xoox 


1) 


• q:x •xx 




O 




St 


1— 001— 


St 


X 


h- 




H 


H* 




l—OO*—! 


X • 


^02-^2q: 








St 


2 


St 


> 




K-Ji- 








LU>- 


-<o 


xoo • ® • • 




CM 




St 


XI— X 


St 


St 


LU 




LU 


OJ 


O 


xq: 


1) 


»-• II XOI— 1— LU 


X 


o. 


X 


St 


X2X 


St 


1- 




^ <r^f 


X 


H- 


p-J 


2X2 


O — 


W^_JXOO<^X 


3 


nO 


3 


St 


<XX 


St 


OOO 


*— < 


^ o-K- 


1 — 4 


< 


W 


H-i o 


OXH-'-^X • • • • II »-H 


2 


>— 


2 


St 


0X0 


St 


II X 


X 




X 


X 


LU 


xo>-« 


in^-i 


5I'-hi-hXXXx2 II 


P — 4 


X 


P — 4 


St 


O0<L< 


St 


XH- 


q: 


^ x^- 


a: 


3 


1- 


X »— ‘OO 




>00'— »—«•-<»— i(v:»-<x 


H- 


H 


1- 


St 


>x 


St 


X II 


LU 




LU 


O 


1 — 4 


LUH-OO 


1—4 


I) — -^XX 


2 


»— 4 


2 


St 


»-<x 


St 


>x 


t- 


•JV c-il- 


t- 


X 


cc 


h-<tLU 


0*-H5.XOXXXXX> 


O 


oc 


O 


St 


^ooo 


St 


2> 


X 




LU 


c 


15 


LUKX 


QOO>-*— 4Q^»— 4 


O 


3 


O 


St 


• o»-< 


St 


2H- 


Q 




O 


o 




QOOX 












St 


CMXO 


St 




















o 




o 


St 




St 






•Jf -Jf 














o 




o 


St 




St 




















nJ* 




in ‘ 


























(M 




CM 











OOO OOOOOOOOOOOO o ooo ooooooooooooo 



79 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

in vO 00 o CNj ro <r CO o rn in sC) CO o CM ro st in oa o> o f\) ro in vO r- CO o •--» (\j 

(\j (^J (^J (^J c^J ro ro rn ro m ro rn rn ro st < 1 * ''J' in in in in in in Ln in in in 'O 'O vO <) O <) 

<<<<r<<<r<<<<i:<r<<<r<<<< <r<r<r<<r<r<r< <r<r<rc<<r<< <<<<:< <<rc<r<<r<r<r 
5: ^ 5: ^ s: 5: 5::^ ^ 5: ^ 2 : 5: :e :s: :§:>: 5: 5: ^ 5: 5: 5: 5: 5: z: 2 : 5: :^i: 5: :s: 15^ 5: 5: ^ ^ 



•K- 

•jv 



UJ 

X 

K 

LL 



^1- 


0 • 


>- 


-Jl- 


t/)X 


<c 


•i'c 


t/)»-<0 


21 




XLO 




ih 


0>-t/) 


2IX 




^XLU 


XX 


•5f 


h-<-J 


— 1 h-” 




QlXO 


CQ 


■«■ 


oo-o 


OX 




X OH-tX 


1X0 



OLT\-^ 
II CNi ® 



•5? 

•Jl- 



O XD. 
UJ»-tX00H O 
21 ►—< LO 

OOO OOLLh-ihh 



QQww<<^wOOLL)wljjww^w.^|— lU 

:MMI— KMM • •Qu^ MH-.(3f >- 

<<CX>--}f -Jf X>-OO-J00XX>OX*~«LU 5 : 

:UULULJJLlJQ-J»-Hl/)l/)LUl/)l/)|-- X 

• «wCL •}?• • X 

XXwH- 00*-^ _Jr-4 -f II CNJ 

luxsisiceq: II ii*-t»-.i-ii 021 x 2 : 0 ^ 2 : ‘o^j-^o 

II ^^w^cE^OLULULiJCMJJ^>:KLI-JO 

• q: q: — ^ X X tv} M o X ro q: cE CNJ or X ro > LU n 
II XXH-.H-.XX 00 H-. *^11 II II II hh «-2:>- 
I— c » — I w# LU LU 1 1 sO vO 'O X X “O 

UJOK ® ®XXwwrvjMCLCLX^— 'XXX--XH-- II 
KO II XX*“<*-HMMX>-_|_ia:(/)LU*“<H-«H-«LUH-«OrLU_|'-'UJ 

II orjK*-th-iwwX>-LULUQQK-JI— ^-^h--^LUh-LUUH- 
2L CJ^^MMIDIDQ.Q,'— ’w(/)Q.H-»rNlMI— »— i>-lUh^ 

>- o LU LL X X >• < < -J _} X X c? LJ a: x>- at X H-i u- cn ^ (X cn 
I— Q h - hh >-i LU LU I— K Q Q »-• H-. LU K :s 00 1 /) X 3: 00 ►-« 3: X z: :s 



0 


QQ 


X 




2: 


<< 


10 


• • 


X 


-JO 


»> 


XX 


1 — *-“l 


-JO 


2: II 


XX 


>-x 


2:2: 


-)f t—t 


• • 


h- 1 


XKI- 


L00>-00 



in 

CNJ 



=) 



2 : 

o 

u 

o 

o 

o 

rO 



Xh- 

•.(/) 



con «- 
oox 
00 m 
1^0 rnx 

•'X 



xxaiLOxo • 

•}(- XOXQ.LU_}<X 

K <r r)H-<_)x 

•){• 2: X^CX-J 

•J5- l/XOX*-»XCOCQ 

•5J- XXi-iHH »-‘0 

^ h-OK XOOQX 

^ com o< X 

^ ^cCC * 0 X 0 : 

•}? h-iQ It/) XX 

2: XHQxX< 

^ CCCL 2:Xh-l 1 



m 



X 

X 



X 



m 



KO 


X rO 










«p 




00<Q>-OHQ 


0 


2:2: 


xox 










Q 




XLUX 00^ 


X 


>> 


H* H* 










0 




Xxxc-^cx 






(/) 










X 


■K' 


0 o2:f-_)x 


X 


h-l— 


OOnj 










1— ^ 




OOOC^XX 


X 


00t/> 


XO-Jt 


X 








2- 


•It 


oza: X 0 


f- 


XX 




»— « 












X<X05ILU 








w 








X 




K H-iXXO 


X 


II II 


• *x 


'Z. 








< 




XOLUf-_}h-^ 


0 


KH- 


OOhh 


00 








»— « 




<»-t:2oox t-» 


X 


0(0 


* o»— 


-J 








h- 




K C^XQ 




XX 


xxoatrvl 


X 


X 






1 — « 




►oooo-J 0< 


00 


KH- 


»— (hhXX >- 


0 








•^Z 


•M- 


oo<z:sxkllo 


X 




WW • • X 


K 


W 






o»-» 


•It 


H-.XO 2^: X 


0 








H 




X 


X 




000 IX*~hO 


»— t 


• • 


XV. X X -J 




0 




X 


>-h- 


■It 


>- XXO^X 


X 


00 


IQ 


X 


X 




>- 


2:<r 


li 


OUJOKXh-iO 


K 


C c 


XX'-'^ — 


♦—1 


*>. 


0 




z 


•>» 


<X5X ox 


<r 


XH 


VM- 


'W' 




0 


2 


••00 


-If 


xf- xxxro 


2 


CJ^-J 






X 


0 


w 


1— iH ' 




< KO^OX 




• • 


rvitvixx(NJa:>- 


» — 1 


rO 


X 


II 2 




X<XOO 


00 




X > X X -JH— X 






X 


H-» X 




oox X 


00 


XX 




M 


0 


X 


•‘2! 


“It 


hhXKXXXO 


X 


»-hh-i 


xx<<rQO--‘< 


Qt--. 


> 


H 


z 


X 


^f 


K x*-«x 


2: 


't— 


* cXLUX 


00 




•* 




•It 


ooxoooHHH 


X 


»— < 1— < 


ww 1 1 OQ»— < 




•> 


0 


X 


-^X 


•If 


<K*-»Q2 X 


X 






»-«. W ^ 




0 


1 — 1 


X 


^f 


_I_)00X3 X 


h— « 


Ot/)XXX>-XX<I<MXivJXXXXX 




•» 


LUO 


•If 


xx>-o *2: 


h- 


• • • X ‘ X ►— « »— < H- < H-l HH 




0 


Xk-i 


4f 


xxo «-ox 


00 



X 

X 



r> 

o 







xxxx<tH-»»— <;3 


< 


xx< 


•If 


f-t-X2 OOXO 


0 


KK2 


•If 


ot-xxo »-• 




H- <V 


-It 


oox x_}x2K 




xxo 


•ft 


*~«2X002<1X 




3::sx 


•It 


X0022-0LUC 


• 




•If 


f-OX^-'OO^X 


ro 


00 


•It 






0 


^t 






0 * 








rO 









00 o 



o 00 ouuo 000000000 



80 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

rn in sO CO o (N rn in vO oD o> o r--i CM rn > 3 ' in vO 00 o c>si sT LO vO 00 o r--i cvJ rn ' 4 ' in no r-- OQ o 

coco coco oo coco coco ooo^ o^o^a^crcr'a^g^ o^oqooo ooooo^^»-^—<r^r-^^r-(r-4*-^c\ic\j 
'O \0 'X} \0 ^ 'O '£) 'O so 'O 'O 'O 'X} vO vO 'O o vo vO 'X} '*o 'O \0 'O \0 r**r** r** r** r** r*-* r**r^ 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

:s:5: 5: 2:2: 2: 5: 2: 5: 21 5: 5: 21 2: 5:5: 51 :5:5: 5: 5: 5:5: 2: 2- 2: 2: 512^5: 2: !5: 5: 5121.5: 5:5:5: 5: 















cc 




K 


















■if- 




0 


if 


Z 


■it 








Q 








•Jf ^ 




VL 


if 


lU 


^t 








-J 








if- if- 






if 


5 : 


•it 








LUOO 


■Jf 






if- ifr 




> 


if 


LU 


if 








® »— <I-H 












0 


if 


—} 


if 








UJ>- 








ifr -J ifr 




< 


if 


LU 


if 








KOLb 


-«■ 






UJ^l- 




a: 


if 




if 








00<_JX 


■J.*- 






ifr'Sli^ 




3 


if 


0 


if 








>-HXUJ|- 


■ifr 






ifr 3 -JJ- 




U 


if 


►— 1 


if 
















ifr^ifr 




0 


if 


H 


if 








>-z: 








ifr *^ifr 




< 


if 


00 


if 








»- H- 0 


•Jt 












if 


< 


if 








OOQ^CH 








if- >-ifr 




LU 


if 


_J 


if 








a:ujuj<oo 












-J 


if 


LU 


if 








t— II— < 2: Q 


* 










CQ 


if 




if 






CMX 


xqiujuj^:-^ 


•Jt 






■Jf UJ^t 




< 


if 


0 


if 






if 


Qi^CDUJO 


■if- 










Z 


if 


z 


-it 








LU<UJ O-^ 


rc 






•'ifr 




0 


if 


t-H 


if 






-*rNj 


XO OUJCO 








ifrf^ifr 




00 


if 


z 


if 






x> 


K >-l-*Q^O 


•}f 






ifr Xifr 




< 


if 


t-H 


if 






^-•3 


UJ^ 


•fr 






■it UJ-JV 




LU 


if 


< 


if 








ilCQ<LJ|— < 


■JV 






if- -ii^ 




(X 


if 


X 


if 








•-H LUi— .s: 








ifrUJif- 






if 


LU 


if 






>--it 


_J ».(X W 








if^ a ifr 




z 


if 


(X 


if 








Q_JK*-LI 


• 5 ^ 






ifr -it 




l-H 


if 




-rr 






3 X 


_J|-<^Q>- • 








ifr 




< 


if 


X 


if 






LU>-« 


LU 3 :uj»-<cr:^ 


■J<- 






■it >-if 




t- 


if 


0 


if 






Q--- 


1— 1 5: oO<»-< 


-if- 






■it 00 -it 




CO 


if 


< 


if 








>-qujz:qi< 


■if- 






ifr 3 -it 




0 


if 


LU 


if 








-JOOKI— 


ifr 






if UJ-it 






if 




if 








XUJ<o»-Haj 


ifr 






ifrCiifr 




0 


if 


CX 


if 






rvj3 


Oi-<-J CQU 








^t ^■it 




K 


if 


0 


if 






-it X 


<>-clooq: 


-if: 






ifr M 4 t 






if 


X 


if 






if Q 


LU 00 »-<<O 


■if- 






if Xif 




QZ 


if 




if 








q: 0 »-< 


4 f 






if iOi^ 




ULIO 


if 


CXO 


if 






x-' 




-if- 






if -iif 




t-«-H 


if 


o<t 


if 


30 0 




^x 




-K- 






ifr LU^ 




OOK 


if 


f-'-t 


if 


XO r'* 




*wi»l-H 


_JUJIL LULUUJ 








^t Q-it 




3 < 


if 


or-- 


if 


3 rO ^ 




rv 4 ^ 


♦-HOOO H“ X 








if •'if 




3 CX 


if 


< 1 


if 


xm m 




XM 


2:0 >-UJOO 








if 




QLU 


if 


XO 


if 


z 




HX 


_J*-H 








if >-if 




<Q 


if 


0 


if 


II 0 0 




33 


ko^xcl 3 : 


■if- 






■it t--it 




♦-H 


if 


Xi «4 


if 


CXh- t- 0 




x< 


2: UJ 05 : 


^f- 






if -iif 




LUOO 


if 


Of'- 


if 


< LA 




Qt- 


UJ 005 : oq:: 


■if- 






if LU^t 




o:z 


if 


< 


if 


>0 0 <M 




— '-it 


5 IK OJLUOLU 


-if- 






if Q-it 




<0 


if 


0 


if 


ZO 0 rO 






oj 2 :o :3 to 


■if- 






if •'■it 




0 


if 


00< 


if 


CX 3 




4 t X 


— >UJO-JC 03 


4 f 






if rv.Mt 




00 


if 


z 


if 


— --*<-»x 0 




• l-H 


uj 5 : 2 <»-< 


^f- 






if X^t 




LU(X 


if 


LU-«^ 


if 


33 > 3 >- h- 






LU^-H> LU 


■if- 






iff^if 




OLU 


if 


X 


if 


xxzxz 




^txj 


LU_J C X 








if ^if 




ZQ 


if 


t- 


if 


h-t- *'H-Z 0 




t-x 


2LUI-S Kh- 








■it LU-it 




<Z 


if 


e 


if 


ZZ 3 Z 0 




CXH- 


0 XKOO 








if Q-it 




X 3 


•it 


XQ 


if 


ZZX 5 :— • 




03 


LULUOOLUI— 








^t ^^t 




0 


if 


t -3 


if 


• *Z • II 




OOX 


>-O^LUI— < 








if 3 -it 


X 


X 


if 


<LU 


if 


OH- II OfCLCLX 




II Q 


-JX Hr X 


■Jr 


0 




■it <^if 


< 


CLLU 


if 




if 


XU 5 XXXX»-< 






2:i-<uj= K 




r — 4 




iff-if 


5: 


LU 3 


if 


3 > 


•it 


i> ®l — 1 •!— II— 1 • 




X 4 t 


Uoox LU 


■if- 


in 


LU 


-it -J-it 


> 


h-OJ 


if 


0 


if 


33 3 —*0 


X 


l-H vO 


^-< 3 >- 


■if- 


rn 


3 


^t <^ 


CC 


ooO 


if 


_IX 


if 


XX 0 X 03 X 


3 


1 


>ct: _»o 


-Tr 




X 


^t 0^ 


0 II 


(X 


if 


<0 


if 


>->-Ln>-Lnx * 


z 


K II 


XlUO^<< 


-if- 


0 


♦-H 


■it -it 


II X 


LUCL 


if 


o< 


if 




KH 


o< 




-«■ 




K 


■it Q^it 


-Jl-I 


00 


if 


OJ 


if 


zzrnzm ^3 


K 


X 5 : 


<IU^-hX 3 


-if- 




z: 


if -l-it 


UJ 5 : 


LULU 


if 


cx 


if 


» w II w 


z 


3 Z 


io:sa:i-Luo 


■if- 


0 


0 


■it <-^t 


>•>- 


XX 


if 




if 


xxoxuox 


0 


X< 


0003 ^X 0 


■ifr 


0 


0 


if Uif 


*-<CC 




if 


• 0 


if 


l-H »-H Q 1— 1 Q 0 *-H 


0 


QO 


3 xq:sk< 


-if^ 






if ■it 






a- 


h-t— 


if 










-if- 




0 


-it if 






if 




if 


0 


0 


0 










if if 






if 




if 


0 


in 










0 












' 


<M 


r— I 


r-^ 








rn 














m 


m 


m 


OOOOOOOLJOOO 0 < 


DO 00 


000000000000000 0 < 


0 



81 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

(MfONi-u>vor-ooc^Or~irorfis4*'^n ^or^<x)c^o»-^^o^<^<rln^c)r^coc^o.-->(^}^^':f’ln^or-Q^C7^0r-<c\lr^•s^ln^o^*•oQC^ 

f\i f\j f\j c\i ovj f\j ro (\j n sj- vj- sj- sj- sT nJ* nJ- st* nJ“ in in in in in in in in in sO vo sO sO o 

<<:<<<:<<<:<<:<: <:<<<;<:<<:<<;<<<<:<<<<<<<<<;<<<;<<<c<:<<:<:<<i<:<; 

5:5:5::^x2:5:5:2:s.2:2:5:2::s:s:5:5:2:s2:5.5:s-:^s:2:.'s:;£:5:s:5:2:^2:5:5::^::>::^5:2:5:2:2:3i.5:5: 



•Jc 







■Jt 
















4f 


LU 








X 






•R- 


H 




CM 










^\r 


LU 








to 








3 




X 




< 




►—1 




U 




w 


•R^ 






1 — 


•Jt 


O 






•R 


H 




LU 


•R- 






w 


•R 


> 




1 


•R 


c^ 






■Jt 


<j — 




CM 


•R 


UOO 








L/^cn 






•R 


Lum 


— 


5: 


R 


or- 


CM 


> 


R 


LU 






R 




•Jt 


w 


•Jf 


< 






R 


Q^s: 


X 


h- 


R 




►— < 


C3T 


R 


h” 




LU 




o • 


I — 




R 


CO 


o 




R 


UL-U 


LU 






LU 


X»^ 


v4*ocy 


•it 


LU^—* 


I 


+ LULU 


Vs 


o>* 




--coco 


R 


C 


CM 




•it 


O-J 




•)t ® • 


R 


OOC 




•Jf CMCM 


R 


►— < 


UL 


<1— 


R 


Slh- 


> 


OSI'XX 


•it 




'w 


515:—— 


R 








•i:* 


i-t*-* 


*R 


II OLULU 


R 


2: 


h- 


5:^00 


R 


►— <x 


O 


>- II 


R 


510 


(NJUJ 


luhh 


R 


C 


^ CQ 


-^odcq: 


R 


LULU 




• ao 


•it 


xq: 


— • 


O — LOl>0 


R 


H 


x<r 


♦«J+ 1 


•it 


O 




HLUCC 


R 


LUH 


^CM 


u-Jsis: 


R 




h--R^ 


•u-sis: 


R 


»-«h- 


O-R- 


*— z:<< 


R 


siz: 


LUC 


X *oo 


R 


cx:lu 


-J5: 


►wC|_W^ 


R 


LU5; 


Lus: 




R 


HLU 


OCh- 


•— • OLOt/) 


R 


LU-J 


II 05: 


>-<XCOCO 


R 


OLU 


H >oOh-iC< 


R 




O II II 


II II 


R 


h- 


LULU 2^0.10-0. 5: 


R 


— X 


coo> 


<qCqC 


R 


• LU 






R 


00^ 






R 








R 





rr 

•Jt 

-}t 

•«- 

•R- 

•R- 

■5f 

-R- 

•K- 



R‘ 






S! 






•it 






f— » 






R 






5: 






•it 






>- 






R 


O 




CC 






R 


CM 




•» 






R 


>-CM 




>- 




— 


R 


occn 








s: 


R 


II 




•» 




►— < 


R 


s:o 




-J 




s: 


R 


•-•H 




LU 




> 


R 


5: 




> 




a: 


R 


>-o 








•» 


•it 


a:o 




C* 






R 






X 




»— « 


R 






h-4 




s: 


R 


5105: 








> 


R 


CCLU^-* 




— 




c^ 


•it 






CM 




w 


R 


Q-UL>- 




CM 




r^-4 


R 






CM 






R 


w • ♦ 




CO 




f— » 


R 


t-4 C?H" ^ 


LU 


•» 


LU 


5. 


R 


ZLUOQlX 


o 


vO 


Z) 


C 


R 


♦— t ® ® II ♦— t 




w 


z: 


II 


R 


s:x>.5: II 


♦— t 


LU 


♦— t 




R 


C «— tOC>— » 1 


h- 


h~ 


h- 


►— t 


R 


II — -3lLU 


2: 


f— » 


z: 


s: 


R 


>LUUL>-> 


o 


QC 


o 


> 


R 




o 


3: 


o 


a: 


R 












R 




o 




o 




R 




CM 




in 








CM 




CM 








rn 




CO 











O 








R 


LUO 


R 






R 


h-LU 


R 






R 


CO 


•it 






R 


o 


R 






R 


Z )0 


•it 






R 




•it 






R 


0 >-t 


R 






R 


CH- 


■it 






R 


oo 


R 






•it 


Z) 


R 






R 


f— to 


R 






R 


^LU 


R 






R 


LUo: • 


R 






R 


5: 00 


R 






R 


lululu 


R 






R 


cx:xZ) 


R 






R 


OH-J 


•it 






•it 


^ c 


R 






R 


»-<Q> 


•it 






R 


O 


R 






R 


OOCO 


R 






R 


oo C 


R 






R 


LUOO 


R 






R 


QCZIO 


R 






R 


h-cz: 


R 






R 


oo 


■it 






•it 


ci:oo 


R 






R 


OOZ) 


^t 






R 




•it 






•it 


Co*-* 


R 






•it 


c> 


R 






•it 


1— lulu 


R 






R 


z: ex 


•it 






R 


UJ U J Q_ 


R 






R 


z:_i 


^t 




►— < 


•it 


LUC LU 


R 




51 


R 


ocox 


•it 




>- 


•it 


OOOH 


R 




C^ 


•it 




^t 




•» 


R 


*- 15:0 


R 




5: 


R 


Oh” 


R 




►—» 


R 


z:^: 


R 




s: 


R 


00 


R 




> 


R 


CZLU 


R 




(X 


R 


(X^-^a 


R 




€* 


R 


1 - 2:0 


R 




o 


•it 


00 z: 


R 




LU 


R 


LU 


R 




> 


R 


LUXLU 


R 




t—t 


R 


XH-X 


R 






R 




R 




«—• 


R 


> 0 


•it 




CM 


R 


>-COh- vj" 


R 




in 


R 


-J cco 


R 




CM 


R 


CLX h- 


•it 




CO 


R 


►— ti— too 1 


R 


LU 


»» 


R 


HOOLUO 


•it 


z> 


vO 


R 


0 •-»CM 


R 


z: 




R 


z>OLi-r- 


R 


♦— t 


LU 


R 


XLu^-tr^ 


R 


H 


H 


•it 




•il 


Z 


♦— t 


•it 


00 z: 


R 


o 


QC 


R 


cc 


R 


o 


3: 


R 


•^ 02 : 


•it 






R 




•it 


o 




•it 




•it 


o 




R 




-it 


■ rn 










cn 











oooooooooooo 



o 



ooo o o 



O OOOOOOOOOOOO 



82 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

o .--I c\i ro '0 CO o r--< (^J rn in vO 00 o '-j c\j in vO 00 o c\j rn ' 4 * in 'O CO O' o osj ro st <> 

r^r^r^r^r^r^r^r^r^r^oorjooocooooooo oocoooa'a^c^c^'c^cMJ‘C^ o^O'oooooooooo»-^=--i.-«r-<r--<--^^r~t 
1^ r^- CO CO CO CO 00 CO 00 00 CO GO CO CO CO cc cx) 00 CO CO 

<< <<<<<<<<<<<<<<<<«<<<<<-<<<<<<<< <t<<<<.<<<c<<t<<<< < 

2 : s: 5:^ 5: SIS s: 5: s: 5: 5: 5: X51 51X5: s: 5: 2: rs: 5: 5L sis: 5: 51 51 5: 515: 5: 51 2: 2! 51 5: 5:2:5: 2*: 5: 2:5:^ 









if 










^1- 




if 










•«- 




if 














if 






0 








if 






0 








if 






0 






e 


if 






O' 






H 


if 












z: 


if 






0 






lu 


if 






H 






5 : 


if 












lu 


if 






0 






-J 


if 






0 


0 




LU 


if 








•00 






if 








oro--* 




X 


if 






X 


II ro • 


* 


0 


if 






< 


z: fo 




< 


if 




0 


51 


q:o\ 


* 


LU 


if 




51 


H 


HI 






if 




> 


0 


t>0 




QL 


if 




if 


LU 


OfOCsJ 




U 


if 




H 


• 


iU(S>^ 




X 


•If 




00 


LU 


•Jf 






-R- 


C\J-"* 


LU 


0 






00 


if 


if X 


H 


• 


• «X X 




00 


if 


Vt *— • 


II 




— hh 




lU 


i(- 




H 


X 


XX • «W w. 




CC 


if 


XH 


0 


HH 


HHHHOfOfhsI ^ 


*>r 


H 


if 


►^0 


LU 




^wLJULU>- 00 




00 


if 


'^LU 


H 


H 


00 • -LU _J 






if 


rg 




0 


.^CL CL 


■«- 


H 


if 






« — i LU 


'^'-»XX__i 


■«- 


'Z. 


if 


OOX 


• 


LU c 


XX*-*hhQ HXX 




LU 


if 


^.^H-4 


0 


if >- Q 


-«i» HH 




— i 


if 




• 0 


if 5 : ^ 


XX'^wMM-{- 


^1- 


< 


if 




H4- 


H^ < 


HH >-H M ISJ ^ X M M 


•Jf 


> 


if 


r\j>- 


— i4* 




'-^-^'v=-»v^X>-LiJLUC\jQ:*-HX>- 




1 — ( 


if 


if 3 


• ro 


LU_i 3 


XX'-^'-'XXMMHHCLCL'Jt- H'^OOOO 


•Jf 


3 


if 


if < 


— 


51LU LU 


iXX*— « hhX >-— OOM— J— J 


^1' 


0 


if 


^H 


xo 


luclO— i 


^ »-i ^ I— Uj LJU Q Q Of > LU LU 


^- 


LU 


if 


X - 


21 HH 1 — 




® cXLULJUOQ 






if 


» — * •— « 




LU «'4*^0 


X>-MMX>-LUUJ 1 1 QQHH-f. 




3 : 


if 


w X 


H^^o 


Xro 


UJ LU X > H H 0 Q ^ ^ ^ ^ 


■Jf 


LU 


if 


M 


II »-hO 


LU 4* 


— i«JLUUJ^wJ+ -}- XX<1<1 - MXX^hh 




z 


if 


Xv-.- 


HOO 


HH •'O iro 


UJLJU-J-JUJLJU-^-«^k--i»-h 0 «X»-'»-<2:5: 






if 


OOM 


Of 


H-JH • 


^ OQLULUQQXX'-— >OOLU'-^w^>>- 


^1- 


LU 


if 


wX 


LUQH 


OOLU xo 


tu -K* QQ■}^ ^ ® eCL^MQC:cx: 


•Jf 


X 


if 




Hs:o 


C>-0>-hH 


5TX^^^- -V^Z:-^'-^X>-OO-J00X+ + 




H 


if 


if < 


<t LU 


-j2:o ® 


3 »-H K-I »-H ^ ^ h-h M M LU LU LU LU Q —i LU 


-Jl- 




if 


•H 


^ *H 


O.Z QO 


2 si5:xx5:5:x>-_j_j • •w.cl xx 


•Jf 


LU 


if 


ro 


-J-J • X 


if ^Z^ 


H-4 »-HI >- >• 3 3UJLU-^-^'— • 


^1- 


H 


if 


*— jr ^ 


LU LULU !—<►-< 


--if — -i< 


— • r-« cc: ^ q: a: < < Q 0 X X H r\j — 




< 


if 


Hro 


-J3-i+ II r-Hif (\J • • — 


II 11 II MM II II HH II II hii-hH II '-^MM 




— J 


if 


q: 1—1 


XLL •-J'-- 


o» ooxx 


x>j--^--x>-— • II II — *Q:-^<^x> 




3 


if 


04* 


^^'-'LU— i4- r-4*LULULU 


»-• ro X X LU LU X X-~^ X X MM ox ro 00 00 


if 


U 


if 


00 ro 


e *x>-LUroXro • • • 


II II hh>-hXX»^^~‘XXO0>^ II II 


if 




if 


II *-1 


XHH^^51>- 


v^iT\ H 




if 


<0 


if 


0 > 0 c3 ^ s: 0 'O LU 0 0 


It IA'^MMXXMMv^'-'MMCLCL^^^XX 


if 


04- 


if 


X-^l 


— 0 o| — II ^ 




—i 4* UU X X >- M M ^ >- —i —J CO LU hh HH 


if 


0 


if 


hhLU II XX03^ 


lu<lulls:2: 


LU ro H LULU ^^H HX >IJU LUQQ H 


if 


00 


if 


^ HH HH LU LU 3 


1 — I^l — ^LU LU 


>- »-H^_jr'gM-J-J3 3CLCL^'^00CLHHrvJM 






if 


H ^ O'— ^ LU »-H q: ^ 


5_oq:lulux>-lulu<<^_jllllooclx>- 


-R- 


• C 


if 


OcLLULLLLLLS-CLOCOOCLLLLLL 


3CQQ LU LU Q OH HQ Q^-^-'LUH 1200 00 


if 


05 : 


if 


lui2H^^^^2:2: 


isx ^-H 




if 


r-H W 


if 








0 


if 




if 






r— 1 


00 


-R- 




if 






0 


ro 












4- 


ro 












ro 



CJ oouuoooooooo o 



83 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

(X) a» o (\) in sO 00 o •--» f\) ro in sO r- oo o c\j fO v:r in njo oD o ^ c\j ro vj* LTV -o CO CP' o ^ f\) ro LA 
(\j (\) nj (\) og c\j (\j i\j (\j (\) rn rn n n m (Tj ro oi oi <r sj* st in in in in in in in in in in -o sD <) vO vO vO 

OD 00 00 OD CO (X) OD CO 00 OD CD CD 00 00 00 00 00 00 00 00 OD CO 00 CD 00 CO OD CD oo f JO 00 00 00 CO 00 00 CO 00 CO CD OD CO CO 0C> 03 OD CO 00 
< < C C CC C C C C< < C<I< C< < C C< << C< << C< < C< CC C C C C << d c< c c < c c 



Q UJ 

-J 21 













LU 






• — j 




4f 


















CX 




4t- 












> 






cu 




4f 










-JJ- 








X 




4^- 










*«■ 




■){- 






X 


4r 












003 


4^- 




o 


2 in 


4r 










•Jf 


OK 


4f 




2 


MO 


-M- 










4f 


CLZ 






d 


4r + 












4f 


d • 


•Tr 








•«- 












XKLU 






(X 


— .rn 


4f 












OOOO 






LU 


— rn 


41- 










•M- 


d 


* 




3 


X *» 


4t* 












LUOd 


•J5- 




LU 


►-HC0 


4t 












OCX 






O 


2 II 


■» 






u^ 


• 




CX 


■w- 






w-«* 


4f 






•— 1 


o 




OHO 






•• 


K X 


4^ 






»> 


LU 










2 


O*— • 


4f 






•» 


K 




LUH 


-M- 




1— 1 


LU2 


4r 


X 




c/) 


UJ 


■Jt- 


2X00 






d 


X—' 


4t- 


l-H 




• — J 


3 




•— iLUd 


-Jt- 




CX 


xcx 


4f 


O )| 






CL 




d 33 






K 


'-kCDCL 




0*-»-J 




c/) 


2- 




CXLUQ. 






00 


LLwX 


4f 


O H »-• 




1— 


a 


•«- 


K 


•Jt 






2— ' 


-K- 


Q^CCC 






o 




OOOUJ 


•fJ- 




K 


M4f 


4f 


OU- 




LU 






* — ‘ X 






2 


4f 


4f 






s: 


LU 


-K- 


OKK 






LU . 


4J XO 


41- 


h- 




LU 


q: 




1— u/) 






3 


'-x + 


4f 






3 


< 


-Jf 


KdO 


•){■ 




d 


--*mlu 


41- 


oxx 




LU 






003K 






> 


XX O 


4^- 


Odd 






c/) 


-JJ- 


dCLZ 


-Jt- 




»— « 


• XCL 


41- 


5I2l- 




O 


LU 




_| »-» 


•«- 




3 


2X0 OOO 


4r 


— KK 




►— « 


3 


4f 


CL 


4c 




O 


w^-hsT »-^4{- 


41- 


U-OO 




H* 


O 




XOO 


•«- 




LU 


K2 • O • 


4f 


>"UJLU 




1/) 


>• 




U-OUJ 


4f 




»> 


O'-'UJ CLcn 


4f- 


• • » 




d 


o 




Odoo 


4L- 




00 


LUh-O -f 


4^- 






3 






LUOO 


4{- 




00 


XO • *x 


4f 


OOO 




Q. 


LU 


-if 


h- LU 


4^ 




LU 


ULLU--*. •— 


4f 


• « • 






X 


-K- 


2LUCX 


4J- 






O OQ'-'X ^X 


4J- 






LU 


h- 




LUOO 


4f 




!-• 


s: w 11 ^ 


4f 


XXX 




O 




*«■ 


X O 


4F 


O 


00 00 


02 '—2 CNJ^ 


41- 








LL 


*«■ 


Luoocx: 


4f 


O 


K 


XM -« X'-' 


4f 






cx: 


►— 1 




OiLUCL 


4f 


O 


K2 


CO II — xcx 


41- 


H-h-K 




LU 






ooo 


•M* 


C7" 


2LU 


II X u-z:o XO. 




ooo 




CD 


1/) 




2O0K 


4^ 




LUX 


XXSIX'-'LU LUX 


4f 


UJUJUJ 




2: 


»— « 


■Jf 


H-iLUX 


•Tc 


O 


3LU 


cdmujmq;: •'«« II 4- 


4f 


* • • 




33 


00 




21U 


4^ 


K 


d33 


II XQ.O-'^O.O 


4f 


QOQ 




LU2 


> 


•Tr 


LULLX 


4f 




>lulu 


^-•LU'^XXLLO * 


4f 






> 


3 




XLLLU 


4^ 


O 


♦-< >- 


• • X dOO 


4f 


<dd 




SILU 


d 


-M- 


K»-<3 


4^ 


O 


30X 




4f 


• • • 




2X 


z: 


•« 


KLU 


4^ 




0»-*2 


• •3233034f 


4f 


-J^ J 




K 


< 


■Jf 


LUoo ^ 


4f 




LUK •* 


KKLUwluLUO-LU^ 


4f 


LULULU 








•5^ 


K LUO 


4^ 


O 


OOt-^-* 


333K33+3X 


4^ 


U-J-J 




»— 1 »» 


LU 


■Jf 


dLUXd 


4^ 


2 


*.d II CL 


• •XOXLL «LL»-h 


4^ 


llulll 




inx 


X 




1 XI — CD 


4^ 


»— < 


OX3CLX 


2 LU 2 2 — '2 2 


41- 






s^nj 


h- 


•5t- 


3K K 


4^ 


2 


CDCNJCLXh-. 


Q_Qu ' • •'— ' •'— ' 


4f 


• • • 




rox 






O O 1 


4{- 


• 


v4"X »— t— ' 


XXK II h-K4tKK 


41- 


LUh-h- 


LULU 




LU 


*«■ 


3 <0 


4{- 


CJf 


.nN^LU 3 


K »-• O O O nj O O 


4^ 


^oo 


33 


O'-' 


h- 


■«■ 


< • n 


4?- 


LU 


sO— XOLU 


X ww «x • •'-' *LU 


41- 


• • • 






< 




Oh-oooo 


4f 


• 


wj— I— O Q. 


K2»-'*-<X»-*XXXX II 


4f 


XXX 


»— « 1 — j 


LUd 




rr 


2TLUK 


4f 


3 


LUd LH2 


XM»— »»— >!sr 


4f 


1 »— 1 


KH 


h-:^: 


• — j 


4f 


LUO 


4f- 


2OKXCX01 II XCD II 00 002'-' 2 2 LU 2 0 


•K- 


WWW 




»-»a: 


s: 


4f 


--X2 


4f 


w 


II *-<CXO XLU II X'-''-''«-^CX— ' II — '2 


4^ 


ULLLU. 


oo 


(XO 


(X 


•K- 


• LUdd 


4V 


LLU-CXO LUO»-* 


II 2.2ULULULCLLLLUQ.ULLU 


•«• 


►— M— 1»— I 


oo 


3LL 


LU 




— «3XX 


4{- 




23:LL Q 2 30QiX»-»»-t»-*X‘-^^O»-'Q 


4^- 








h- 


4f 


r-lLUO— ' 


4{- 








4I- 


CO 


coo 


r— 4 








41- 












vTin 


in 




•JJ- 




4J- 




O 




4(' 


'4" 




'4’ 












ro 


’ 




m 


corn 




















( 


u 


O 1 


uooooooooooooooo 




o oooo 



84 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

vO o c\i rn vo <x) cr^ o CNJ in (XD o •“! c\] ro LH so r-' CO o c\) fo ^ r*- 00 O' o --I cNj ro 

sO vo vo vo r- r' - r- 00 00 03 00 OQ 00 CO 00 00 00 o o o CT' o o o o o o o o o o o r -4 

00 00 00 00 00 oo CO CO CO 00 0000CX3C0C0 000Q0000C00000C0Q0 00C000 00 00C000C00000OO Oa^CT'CT'OOOOCT' 

<<I<I< <K<<<<<<K<r<I<I< <<£<£<<!< <<<<<K<I<I <£<£<: <I<: < <I< <I<< < <I<£ <I<I<I 
5: 5: 5: z: s: 5: 51 51 2-^ 5: 5: 5: 5: 51 2; s: 2: 5: s: 2: 5: 5: 5: x 5: s 5: 5: 5: ss: 5: 5: 21 5: 5: sis: Slices: ^5: 5: 





-J(- 


s: 


4'r 




4?- 


o 


4f 


CL 


4i- 


:zL^ 


-Jt- 


o 


4(- 


UJX 


4t 


K 


4^ 


Q^-h 


4f 


•00 


4J- 


xz: 


4i- 


UJ 


4f 


w 


4t- 


>UJ 


4f 




45- 




jt 


^o. 


4c 




4f 


XX 


4t 



00 < 

oo 

CX.LU 

z: 

00 



■Or 

7 'f 



wX 

>z: 

UJw 



■if ► 

o 
•M- s: 

^ CD 



»-hO0 


4f 


OX 
























4f H 


»— « 


4f 


UJUJ 


















CO 






4^ s: 


z: 


4c 


O-J 


















• 






4{- CO 


►-4h* 


■5c 


■?{• UJ 


















H 






4(- •« 


<£h-4 


*«- 




















r~l 






4^ X 


cc. 


4?^ 


X ► 


















UJ 






4t X 


HU- 


4(- 


►— 4 


















»> 






4t 


00 H-4 


-Tr 


z:x 


















«• 






4^ CD 
























II 






4< s: 


O 


4t 


m;z 


















rvl 






4f z: 


H-4 • 


•5J 




















>- 






4fM 


HUJ 




OOX 


















00 






4f 


00 UJ 


4(- 


■^00 


















UJ 






4f H 


cqj: 


4( 


+ o 


















> 






4f s: 


-JX 


4j- 


— X 


















< 






4{* z: 


XH 


4i- 


-'O 


















* 






4 ^ M 




4^ 


XH 




















3 




41- •* 




4t 


H-4 ^ 


















X 


¥—i 




4f X 


< m 


4f 


z:-' 


















o 


< 




4f z: 


HH 


4f 


^x-< 




















X 


• 


4^ M 


z:oo-* 


4f 


M*-h II 




















H- 4 


00 




UJ o 


4i 


xz:x 


















MCO 




H 


4f s: 


SIOvO 


4f 


UJwX 


















>- • 


— % 


z: 


4t X 


UJHH 


4(- 


— 1 H 


















OOH 


c\J 


X 


4«- 


ai 00 


4^ 


UJO'^ 


















UJ—^ 


m 


s: 


4f X 


oz: 1 


4f 


QUJO 


















>UJ 




X 


4f X 


o 


4f 


4f •'Cvl 




o 














< •• 


roo 


X 


4c •* 




4t 


-*X 1 




—1 














•«w 




X 


4t- s: 


HvO 


4t 


X^-hUJ 




in 














M II 


<30 




4f 00 


UJUJOO 


4f 


h^2: • 




rn 














XM 


W 


Q 


4t- 


xo: 


•K* 


21 • 








H-4 






H-4 




UOX 


ujo 


X 


4f 0 


H 


4f 


wQ_ • 




o 




X »-H 




X 


>- 




>UJ0O 


HH 


X 


4f X 


LU< 


4f 


fvl XH 




HX 




CO ^ 




CQ 


CQ w 




CQ>UJ 




H-4 


4f 


H>s: 


4t 


X»-'0 




z: 




-J M 




3 


3 M 




-JO 


XO 


>- 


4f X 


<H-<W 


4f 


00 • 




o 




UJ X 




UJ 


UJ H 




UJ < 


3:0 




4f 00 


XH 


4t 






CD — 




e 3 




z: 


z: 3 




2 :— « 




H 


^ H-4 


K»~4 








C^J 




•» < 




X 


•* < 




XCNJ •« 




00 


4^ 0 


00 • 


45- 


II 0»-4 




— o 








—1 


1— i.-^H 




— JOX 


r— 4 


0 


4f X 




4t 


-'COX 




r~ano 




II H-4 + 




fNl 


II *-H + 




xioin 


c m 


X 


4f ^ 


0X0 


•}{• 


x^;^^ 




• rod 




r~l 




X 


H- 4 w.’r— » 




>-CNJX 


OfO 




4f H 


UJ H-4 


4f 


H-4 l>» f~\ 


UJ 


UJ «^o 


LU 


XM 


UJ 


00 


>• fNj 


UJ 


00 •'X 


XX 


X 


4f </> 


XUOK 


4f 


XOLU 


3 


ZIvOO 


3 


• OCQX 


3 


II 


•OCQH 


3 


II 


• • 


H 


4t-0 


0*-H< 


4f 


WW_J 


z: 


«<W« 


X 


OOOOO 


z: 


M 


o—iooo 


z: 




XX 


< 


4f X 


H 


4t 


XUJUJ 


• — i 


XUJO 


• — I 


II OULI II 


H- 4 


X 


II Oiu II 


K-4 


>*UJ< 


00 


X 


•M- 


H3 


4f 


UJI-.Q 


H 


z:hh 


H 


r— 1 C\) H-4 •— 1 


H 


00 




H 


ooH-s: 


z:z: 


3 


4^ X 


^hhQ. 




OH-4W 


z: 


— 1 


z: 


M II M 


z: 


UJ 


M II M 


z: 


uj»-hqc: 


w-w 


0 


4< X 


• 2- 


-Jt- 


ujaix 


o 


XXCJ 


o 


XOH-4X 


o 


> 


>Oh-4> 


o 


>xo 


XX 


X 


4V < 


CsJXO 


-W- 


Q3:*-' 


o 


*-h:so 


o 


ooo*-Hoo 


o 


< 


OOQh-4 00 


o 


<3:x 


• — t • — « 


< 


4f 0 


r~l »-hO 


4^ 
























0 


4f 




4t- 




o 




o 




o 






o 


C^J 






•R' 




4t 




o 




r-l 




o 






r<~t 


0 






41- 








in 




in 




o 




' 


o 


0 














rq 




ro 




CsJ 








C^J 









OOOOOOOOO 



o o 



o 



o o o 



o o 



oooo 



85 



ooooooooooooo 
^ ' o 00 o^ o '-J rn in vo 

^ r-4 r-l r-l r-l C\J CM r\J C\J C\J C\J C\J 

<t<i<i<t<i<i<i<i<i<i<i<i<t 
2:s: 5:2: s: 5:2: 5: :s:5: 5: 



•}f 

■Ji- 

•Jf 

•M- 

4f 

•}^ 

-Jt 

■Jt 

■Tr 

* 

•W* 

-Jt- 

■ft' 

■ft- 

■ft^ 

■Jt 

*}:- 

■j^ 

■Jt 

•Jt 

-Jr 

-J-Jf 

LU-J^- 

2!-Jf 

3-}^ 

<■}{■ 

CD-Jf 

z:-jt 

u-4f 



Q-}^ 


-J 








z: 






3 *}^ 










— «• 








CM 






-J-Jt 


0 






LiJ-Je 


^0 




0 




CO—* 




r— 4 


U-^ 


•-0 


LU 




2 :-j?- 


•—4 sQ 


3 


LU 


-•Jf 


+ ^ 


2 






-JLUO 


» — » 


*— H 


UJ-Jf 


2:1-1- 


h- 


Q- UL 


>-Jf 


II 


2 


UOOQ 


2 --J^ 


-JQIO 


0 


h -222 


-ir-ft- 


2 ^e> 


u 


t/)LULUUJ 


--••ft- 








•ft- 




0 




•Tr 




0 








0 








O' 




00 


u 0 


00 



86 



o oomooinooooooooooooooooooooooooooooooooooooooo 

ro vt’u^u^vor^r^oo(j'0.-^c\jm-4" u^sOf^ooa^o--^c\jro<rLnvor^ooo^O'-~*r\Jrn'^Lnsor^coc;^o.-^c\j(^vt’in<) 

o oooooooo--^.-^'-^^--^'-^^*-^-'ir-Jc\jc\jc\jc\jc\jc\jc\jogc\jog(^-imrnprjrnrn(^rf^rnrn'4-<t*sJ‘vf vt- vt- vt- 

o ooooooooooooooooooooooooooooooooooooooooooooo 

o OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

CL Q-CLCLCLCLCLn-CLCLCLCLCLCLCLCLCLCLCLQ„CLCLCLO-CLCLCLCLCLQ-CLCLCLCLCLCLCLCLCLCLCLCLQ-CLCLQ- 



C\J 







■«- 




C\J 


w 


















* 








•• 
























■}(- 




C\J 


1 — i 






















■}{- 




•• 


00 


























C\J 


•• 








X 














•}(- 




o> 


— *> 








2in 










•K- 


u 








C\J 








xo 












2l 


■J^ 




CL 


(J^ 








•JV + 












OQ 






o 


w 








•3f LU 










* 


»<• 






»• 


h- 


r>J 






-^ro 










1" 


1- 






— «* 


•« 








--‘rO 










■Jr 




•Jf 




o 


— k 


w 






X • 










•Jt 


cu 


■Ji- 




•h 


OJ 


LU 






►-4 CO 












»• 


•5^ 




CD 


O' 


X 






2 II 












a. 






9^ 


w 


1—4 
















■}(- 


CD 


-Jt 




(\J 


DC 


qc 






HX 












■s 






cr* 


CL 


CL 






04-4 




tn 








O 


•}f 




w 


X 


X 






LU^ 




1 — 4 








5l 


* 




>- 


«- 


»> 






Xw 














•Hr 




M 


- — . 








5IQC^ 




(X) 








M 


■w- 




*> 




o 






-—cucLr- 




3 II • 








*> 


■}(- 


X 




in 


»k 






LU wxvU 




LUOOh- 






■it 


K 




1 — • 


O 


»> 


nU 










1— 4 








>_ 




QC 




in 


W 






X^ -*^vO 




XZLU 












h- 


m 










^-^co • 




ZLU 








M 


-}(- 


< 




C\J 


M 






■3c XO-- 




•-X- 










•Jf 




(NJ 


w 


M 






-^^ + ■31- 




r-4LU II 








LL 


•J(- 




CT' 


Q 


»> 






-^XLU-*^ 




II 3CC 










■}(- 


oo 


w> 










XXO-^-^00 




4-4LUCL 








M 




oo 


X 


< 


O 






►-4^ oOOOX oo 




X 






■«■ 




•Jt 


LU 


M 


QC 








XXOOX-*^ X 




^o~ 










^r 


Z 


»<• 


o 


sO 






V-r ►— « >4- — r. ><; ^ 




1—4 4—4 »• 








LU 


■J(- 


LL 




t' 




s: 




X 




w|-x 






■j;- 


*> 


l!" 


LL 


C\J 




> 


00 




o^iux-Jt 




LUOOO 






•ji 


LL 


■H 


1 — i 


CT' 


f— ^ 


X 


1 — 4 




LU(_o^- 3{- -Jl- 




X<*~' 








LU-^ 




h- 


w> 


in 


M 


o 




X ®X — X 




4-43 •* 








•-_J 




00 


hsi 


»<• 


»<• 


CL 




XLU-^-^X> X 




cl: CL in 








s:uj 


•5( 




> 


in 






o 


CDwXX»-400 4-4 




CL »-• 








to 5: 


■}(- 


LU 


OO 




vO 


♦ 


51 


w II 2: 




XU- 






■Tr 


»-43 


•Jf 


X 


»• 


C\J 


«N 


^4 


o^ 






^o- 


X 




■}(- 


oz 




h- 






vO 


w 


XX 


•3(- X*— '-'XX X 




h- 


4—4 




•«- 


Q- •• 


■Jt 




C\J 




w 


X 


00 II 


^4-.J-0CX4-4-^>- 




4-4 CCZ 


Cl 






-iC 


^5- 


00 


0> 




> 


2: 


II ^ 


XZOCLOOXX<>0 




wLULU 


h- 






LL< 


•Jf 


LU 


w 


< 


>- 


LU 




^'^LUX^'-^ 




3C0 5: 


< 




•JJ* 


00 CD 






M 


cc-^ 


M 


II 


CDX 


XDC ® -f 1 X--4 1 




lus:lu 


X 










LL 


X 


0(\! 


»• 


-J > 




xCLO *LnX ••inx 




3CL33 








o »• 




►— 4 


00 


■ 




LU LU 




®OOX 




LU^ZLU 






■«• 


CLLL 


4(- 


Q 


»• 




sO 


> 


0 e 


X <^-^0 1 ^-40X 




>~ •» 


z 








•)(- 


O 




(NJ-J 


»• 


2: — — 


oo 


*— 4— «k • •}(- 




X^-<LU ► 


< 


LL 


•Jf 


Hs: 




s: 


(\J 


CT'UJ 


o 


LL-J 


• o 


z:— i-j-'-)f -3c Qc 




z«--xx 


QC 


QZ 




003 






0> 


wCL 




». OOLU 


h-»— 


wOJLUX>>CL>CL 




KLA 


o 


z< 








LU 






X 


1 


-J-J 


I— — IO-3t LULUOluX 




^ •» •• 




3X • 


^5- 


CL »• 




Z . 


< 


Of - 


X 


II CLOX 


• « 


OXX^Jf II II II M II 




Xfo •'in 


LU 


zzo 




-J 


•}(- 


*— 4 


X 


LU-^ 


X 


CLXCL2: 




LU X X 




.-4 —4X4-4 


X 


II 




lLilu 




h- 


M-^xm 




x^+ • 


CL CL 


W c •X'^Xf— »XCL 




minx •* 


h- 


1—4 r— 4 •■■^ 








ZD 


>vO> 




*-4w 


XX> II 1— H-*-" ^ -X 




xroxx 




II II 3 




»— 4 LL. 


•31 


O 


X 


‘'Xro 


o 


_Jr-lO 


K LU O O ^ X X 


LU 


•* »*xx 


K 


4 — 4—5 •" 






•31- 


a: 


XOvJXw 


*-4 


OLU^ o 




■Jl" X ® ® tK ». »• 


3 


sOvO''^-'-^ 


3 


4-4 




O - 


^1- 


CD 




00 




H z: tn>-i X X H X X X X i-u 


z 


ww|— h- 


o 


oo«~^ 


rr 


O-J 




3 




z 




« X 4-4 4-4 Of 1—4 b-4 1—4 1—4 5;; 


4—4 


lulij<< 








DCLU 




00 


X5:^Lu 


LU 


sO II LuzcQ II ooooo>-z:^LU2:^^^^ 


J_ 


H-HZ5: 


o 






CD> 






:5:lu2lm 




X II -- 


II 


,1 (Xww^^wwwtX 


z 


4—4 4-4 0: QC 


QC 


< 


■Tc 


ZD2l 


•31* 


00 


OK-tU 


1 — 4 


0»-'^ll:^^ullloclllx ii clclclclcl 


o 


(XCLUO 


LU 


UOQl 




00^ 






O' 




o 


QXLU*-^i 


OD hsi »-H o X O 0-) O O X 


o 


3: IS lull 


X 


QQLO 




.-4 


^1- 


X 




— 1 ^ 






















^1* 


K- 














o 


xr') 




0 






-»• 
















o 






vO 






















o 


mm 




r-4 






















vO 


xx 






O 


OOOOOJ 


o o 






o o ooo 



87 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
CO o c\j in nO 03 c^ o cNj in 'O GO cr^ o ^ oo o in vo CO o c\J ^ 'vO h - 00 

>4- in in in in in in in in in vO sO vO nO nO vO vO vo 03 CO GO oo CO CO 03 CO oo GO O' cr> O' cr^ cr C7> crv 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

CLQLQLCLQLQLOLQLCLa,QLCLQ-OLQLCLQLQ_QLQLQLCLQLQLQuCLQLQLQLCLQ.Q,QLQLCLQLQLQLCLQ.OLQLQLOLQLQLCLQ. 

















04 






















»> 














(/) 


•«- 






(M 














i/) 


•Jt 






•* 














tu 








X 














'Z. 








►— « 














LL 


*}{■ 






z 














LL 


-K- 






w 














►— 1 








Ql 














1- 








o 














(/) 








+ 












•Jt 






















•Ji- 


LU 


*ir 






3 














J- 








•• 












•)L 


1— 


■ib 






►-H 


















3-53 




w 


















*»*••• 




> 












•5f 


oo 


St- 


L 

L 

L 




X 












■Jf 


ULJO^ 


St 






M 
















St- 


XXX 




Sf 














LLO 


st- 




















LU 1 


st- 


zzz 




i\J 














o:o 


Sf 






»• 














o 




^>>- 


















oin 


St- 


MMM 




»> 














HO 


St- 


Sf Sf Sf 




X 
















Sf 






*— 1 






0 








X 


Sf 


_i-J3 




z 
















Sf 




















q:Ql 


St 






Ql 






II 










St- 


WWW 




O 






4—4 








c 


St- 


<<LC 




Sf 




r-^ 










e 


Sf 


HHH 




• 














Q 


Sf 


LUUJUJ 




04 




*> 


vO 








</)tJJ 


Sf 


mmm 








3 


•« 








coo 


Sf 


Sf Sf Sf 


















UJ_i 


Sf 






3-^ 






II 






■jf 


:^uj 


Sf 






-X 




M 


3 








LL^-t 


Sf 






♦— 1 1 — t 




M 


•« 






rr 


LL>- 


Sf 






w2 




+ 










1 — • 


Sf 






X— ' 




«r 


3 








h-UJ 


Sf 


XXX 




x< 




O 3:^ 


•> 






•Jf 


(/)> 


Sf 


1 — • »— « 1 — f 




MSf 




-4 XX 


4—1 








< 


Sf 


zzz 




Sf • 




in 3: 


w* 










Sf 


WWW 








•4" X‘-'»--' 










LU 


Sf 


xx> 




»o> 




II 


X 




-j 


•K- 


HH 


Sf 


MMM 








O X--*— 


<1 




LU 




l/X 


Sf 


+ + + 




.-IX. 




H 


CL 




5: 


•Jf 


>x 


Sf 










CQXX 


0 — 




3 


■Jf 


(/)H 


Sf 


333 




XX 




O XC< 


^C30 




2 






Sf 






»— 1 •— » 




-^O or:c^ 


w • 








LU(/) 


Sf 






:zx 




— oo 


M 




f-4 




XH 


Sf 


OnO rorn--'-^w 




W w 




v03v0 -- - X II II 






II 






Sf 


*• •* *"X>“>- 




ClH 




•> »* *.><;»— 1 <x<.— 


rntu 




X 




UJ 


Sf 


,-4r-4 • O ® Or-^,-4XX>- 




orr 




^ X — * ^ CQ 3: 


rOvQ 




♦—f 


-«• 




Sf 


II II OOOO II II MMi>sI 




w.-« 




II II XH-4 + X22: 


CO *« 








LLULI 


Sf 


*-•3 II II II II II II II 




II *— 






rox 


LU 








Sf 




LU 


-^3 


LU 


w 


UJUJUJ •'04 


3 


o 


■}f 


QtiJ 


s<- 


0 0333-300333 


3 


3 - 


3 


OXOLUO 1 0*““-^ 


3334J'-' 




in 




O 


Sf 


C3 •» r* ®» *»C3C3 «>••••• 


X 


»>»— « 


X 


C\) LU r— 4 • »— 4 eww 


zzz-^\-z 


♦—1 


o 




^lU 


Sf 


ir^in»— ‘►-•i— i^-ioo*--'*— •»— » 


►— » 


♦— 1 W 


►— » 


in H in 3 : ^ 0 


*-**-**-* iu<ct: 


H- 


o 




X 


Sf 


s4- s4- w w ww .4- >4- w w w 


H 




H 


II *-.w^z:x 


1 — 1 — HI — ^ 3 








H 


Sf 


^^x>->- x>> 






X 


II ^w||w<< 


xxx.-.q:h 


O 


u 






Sf 


LJOMXX>-LJOXX>- 


LJ 


MM 


LJ 


Q w 0 LL 3 : LU QC a: 


OOOCLOliJ 


O 


o 




*LL 


Sf 


O Q M MIVIM Q Q M M M 


O 


MSf 


LJ 


0 hh Q *-• *-i 2 : 0 0 


0003:xc«: 








<1-0 


Sf 














o 








Sf 




O 




O 




000 CO 


r- 








Sf 




O 




LJ 




^04in fo 














O 




in 




inino rn 














'4' 




'4' 




CO 



o oooooooooo 



o o o o 



O o 



88 



OOO OLOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

.-<rvjro in<^r^oo(T‘0'-^c\jrqvi-LT\<)r--coa>0'--<rvjrONt'U^vor^ona>0'---»c\jrn<’Ln 

OOO OOOOO oo--<-- 4 '--<.--^-=J*-<'---»'--^'-<.--^ojc\Jovjc\jovjc\j(\Jovjc\jc\jrornrOrorOrornr<'^rorONr>rNr 

OOO OOOOO OOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

<<< <<<:<<<:<:<:c<:<:<K <t<i <<1<1<<<<<K<1<X 

OOO o O 00 0000 00 OOO 00 00 00 OOOOO OOOOOOLJO 00 00 00 00 OOO 







•J'c 




f\J 
























•» 
















* 




-M- 




eg 




















-M- 




»> 
























f\J 


CNJ 














-Jl- 








o> 


0 > 














■Jl- 










w 














■J 5 - 








Cl 


> 


















■Ji- 




0 


XI 


















■J?- 




»• 


UJ 


















•Jf- 




























0 


















— ** 






»• 


CNJ 
















0 






ro 


0 > 














•Jc 


UJ 






•» 




00 














2: 






CNJ 


X 


UJ 














z> 






C^ 


XJ 


00 












rc 




■w- 






UJ 


00 












■Jr 


•« 


■J{- 




> 


c» 


UJ 














> 


-M- 




M 




cc 














M 


-M- 




»> 


CNJ 


h- 












■Jt 


UJ 


■M- 








00 












•Jt- 


•> 


-M- 




vO 


W 














•«- 


X 


-M- 




»« 


> 


0 












•J 1 - 


M 






CO 


Xj 


X 














UJ 








00 


< 












■« 


•> 


-JJ- 




CNJ 


»> 














-Jf 


> 




00 


o> 




or) 












•K- 


M 




UJ 


' — • 


CNJ 


X 












-JJ- 


00 




00 


X 


















•> 


■Jt- 


00 


M 


W 


< 












•K- 


X 


•K- 


UJ 




X 


cc 














M 


-Jl- 


q: 




XJ 


H- 














00 


-Jl- 


H 


CNJ 


00 


00 


















00 


o> 


•» 








33 






■«- 


> 


■«- 




W 




QC 






WW 






•Jt- 


M 


■Jf 


UJ 


M 


wrg 


< 






3:3: 








ID 


-JJ- 


X 


>- 


00^ 


UJ 






-Jf 






-J?- 


< 


■«- 


h- 


00 


xj«^ 


X 












•Jf 


h- 






•> 


>->“ 


00 






33 






■K- 




-J?- 


00 




ujrsJ 








•» »• 




XX 


■«- 


X 




UJ 


CNJ 


«-3 


3 






1— <»HH 




►•Ml— <♦ 




hsi 


•Jt 


h- 


0 > 




< 










•tacf>S0* 




3 


•Jt 


< 


w« 


COh- 


Q 






XX 




<< 




< 


•Jl- 


0 


M 










»— < 1 — » 




■Jl- ^ 




H 


•Jf 


3 


X 


0 -- 


0 






w— 




• • 








0 


00 ' 


XJosj 


OC 


3 




x>- 








3 




0 


•» 


XO' 


H 


UJ 




XIX 




W-W 




< 


•Jt 


< 


^ m 


UJw 


X 


X 




+ + 




XX 




H 




0 


CNJ 


-X 


UJ 


3 












0 






0 > CNI 


*-^X| 


0 


X 




l-HHH 




►— tHH 


■Jf 


< 


■K- 


UJ 




03 








3 

6 

( 

{ 




ww 


•J?- 


0 




X 


< UJ 




LL 


.-i.-icNj(NO'4*insO 




► ••oo 




00 


•Jf* 




•M- 




X 3 


d:h 


0 


II ^ IS «>.»>». •» 




f— ^ r-4 fv| X| 




XX 




UJ 




1- 


M^X 






xxxxxxx 


^-^3X32:X 


II • ® II x> 




x>- 


•«- 




-Jf- 


3 


>-vOX| 




X 


»— « H-» 


HH->v^_J5IX 


>-<0 033UJ 




3UJ 








0 


X -X 


00 


a 


W w» W N»<» 


w W w 


11 II II 11 


UJ 


II II 


■JJ* 


h- 




cc 


XovjX 






oxxxxxx 


UJUJUJUJUJ3 




3 




* 


3 


•J?- 


CO 




00 00 




0 3UJ3UJ33 


333333 


tf\ ♦ 1 — ♦ 0 


X 


hmhm 




0 


-M- 


3 


0--0 


XX 


< 


Oh-Kh-KI-H“ 


II II II II il II 


>:fw.^vTww 






■J^- 


cc 


■Jt- 


00 


XX5I 


ujuj 


3 


f— lH-4 HH ♦ HH 


—— 


-^00-^00 


! — 


00 




CO 


■J^- 




2IUJ2L 




3 


II II II II II II 


-^CNjOJ<-LnvO 


XIX XX 


X 


XX 


•K- 


3 




00 


0H“0 


HH»— 1 


0 


u^-t-oii^:3xx 


w 


UX>-OX>“ 


0 


X>- 


■J^- 


00 


-M- 


►— < 


o^-»o 


00 


3 


owi-oX35:x 


3 : 3 ^ 313 : 3 : 


OUJUJQUJUJ 


0 


UJUJ 








X 






< 












•Jt- 






1“ 






0 








0 




■Jl- 




-J?- 
















0 





OOO 



000000 



o 



OOO 



o 



o o 



o 



89 



OOOOOOOOOOOOOOOO 
vOf^oocr‘ 0 ^c\jrO' 4 'Lnvor^oocr‘ 0 ^ 
' 4 - ' 4 ' '4" in in LO in in in in in in in vO 

OOOOOOOOOOOOOOOO 

<<<<<<<<<<<<<<<< 

OOOOOOOOOOOOOOOO 





X 
•— « 

M 

> 


XX 


o 


1— IHH 


< 


ww 


h- 


>> 


•> 


MM 


— * 


LULU 


X 




1— 1 






CNJCsJ 


M 


»» »» 


X 


• C\J 


o 


COCO •• 


< 


MMXX 


h- 




•> 






rocr^CLCL 


X 


^^oo 




oo + + 




rxiM-*-* 


M 


x>*xx 


>• 


LULU»-<i— 1 


LU 




•• 






CsJMMM 


X 


wwLULU 


1— 1 


oo^^ 




MM^^ 


M 


x>.-^c\j 


X 


LULU •• *• 


LU— • 


f— «! f— < 


•.00 


••XX 


X • 


I-I — ^ X X 


h- < o 




C\J 




— .LU 


MMCLClMM 


C\Jn4- 


x>-oooo 


o - 



LULU II II << OO 

r— < 



LU 


II II XX II II 


»»»— < 


LU 




o 


1— • 0*5» 


O — 


o 






XX — -^xx 


w| — 


z: 


z: 


1— 1 




LU< 


»— < 


cc 




^ wMM— — 




H- 


ZD 




x>oox> 


HH(X 


z: 


H-O 


O 


MM<< MM 


Dca 


o 


Luz: 


o 


luluhhoooo 


ISLL 


o 


(XLU 


o 




CNJ 


o 




in 




O 


o 








o 


o 




1-^ 






1—1 





o oo o o 



90 



oo OinOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oo oooo ooOr-«.~-4.-4,--i--j^.~fcxicMCNJcxicMCMCM(NjcMCM(^cnfr)rnrnrnrnrornrOvt<f''4-<r 

oo OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

<< <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

CDQQ CD coco CDCD CDCDDD CDCOCDCDCDCDCDCDC0CDCDCDCDC0CDCDCDCD(X)CDCDCDCQCGcQCUCDCDCDCDrDCQCDCDCDa:i 



■ih 




if 






























if 






























if 






























il- 






























if 






























if 


00 




























if 






























if 


a 




























if 


1— ( 




























if 






























if 


< 
























■if 




if 


0 




























if 


0 




























if 


LU 


























o 


if 




























LU 


if 


0 


























CD 


if 


K-H 
























•Jf 




if 


< 


























»« 


if 


a: 




























if 


CD 


























< 


if 


LU 


























CD 


if 


0 
























■if 




if 




























CK 


if 


< 






















♦— 1 


■if 




if 


























•if 


a 


if 


oC • 
























•if 


a: 


if 


<5: 






0 
















0 


•if 




if 


Luci: 






















q: 






if 




























o 


if 


►-ILL 






0 


















•if 


LU 


•«■ 


0 


0 




0 
















K 


■if 


> 


if 


Q 


LU 




0 
















2 


■if 




if 


LLLU 


CD 




r-H 
















LU 


■if 




if 


OO 


X 




















2 




CD 


if 




0% 




0 












OOl. 




LU 


-if 


X 


if 


5 I< 


3 




0 












X 




-J 


■if 


< 


if 


LU CD 


a 




0 












2 : 




LU 


-if 


51 


if 


H 


q: 




t— H 












»«. 






^f 




if 


00^ 


X 












*— 




X 




0 




O 


if 


>1-1 


W 




<-<•. 


^i—« 






1— < 




w 




< 


■if 


LU 


if 


00 


IL 






5 : + 






»• 




X 




2 




2: 


if 


X 






0 


So 






0 




if 




a 




•« 


if 


<1— 1 




• 


CD 


1 






LU 








0 


•if 


U- 


if 


QC 




0 


1 


i-HOr 






X 








< 


■ -if 


»o 


if 


OOK 


< 




LU 


0 ^LU 


•s 




w 


CD 






►— « 


if 


< 


if 


LU< 


CD 


►— 1 


• 


LU LL^ 






< 


X 


33 




Q 


if 




if 


> 5 : 








^ if •- 






X 


< 








if 


0 


if 


-J 




0 


1 


•- Q •— 1 


< 






5: 


<< 




0 


if 


LU 


if 


OO 


3: 


> 




^ 1 + 


if 


• 


♦— 1 


►0 


1 X 


♦-H 


c^ 


if 


Q 


if 


oo»-* 


0 


►—I 


D_-^ 


1 


Q 


LU 


0 *» 


.-4LU 






OJ 


if 




if 


oc. 


Qc: 


Du 


o»—< 


CD .-ILUS: 1 


1 


h- 


Luoor 


•f > 


2 : 2 : 




X 


if 


< 


if 


LUf- 






0 


X *'>XCD5I 




3 


>lulu 


32 


2 : 2 : 


0 




if 


CD 


if 


^LU 


0 ^ 


a 




< 2 : ••xx 


X 


h- 




1 *-x 


•« (»> 


t— • 


F-l 


if 




if 


•-Hs: 


< 








*> 


1— < 




o--« •• 


33 


0 


X 


if 


LU 


if 


h- 2 : 




1 


f— -1 1— <i< 


^ <ti— * 


0 


h- 


—<LLf\J 


LU II f\J 




1 — 1 


C7^ 


if 




if 


3> 




LU 


I n w 


»-* II X H II 


w 


00 


II II II II 


VLU - 




(M 


if 


HH 


if 


OOO 


0 


00 


o*-«oo 


— 0 --SlllOi^— •< 


CO 


♦— 1 1 H* 


^ 2:0 


It II 


vO 




if 


h- 


if 


a: 


1— 1 


0 


LU CD 


0 s_is:~z 1 


II 


3 


►— 1 ►— 1 0 •— < 




w 




if 


3 


if 


CD LU 


00 


a. 


^o< 


ZO 1 *• Si-iObi 




00 


0 «^o 1 


200 1 


2 : 2 : 


2 


h- 


if 


0 


if 


OX 


2 : 


X 


II 0 


^►-'OfNj’-'OXSIO + 




c>ooohhoc>o5:5: 


cs:lu 


< 


if 


q: 


if 


00 h- 


LU 


a 


p— 




1 *>» 


X 


--JLUrvJLU5:CM.-l -f 


»» 


3KCL2 


if 


CD 


if 




5: 


0 


a 


-?< 0 II II 


0 


0 


2 : 2 : 


333 


K»-Hl 


Oo: 


if 


0 


if 


OOX 


♦—1 


LU 


OULU 


II II 0 II It ow 5 :o^ 


W 


< 


0— 'O II 


It OO II 


w— ' 


Lucxj-a 


if 


00 


if 


•“•h- 


Q 


Q 


-jq»-<5:2:qooqli.s:q2:< 


CD 


QLLQ3XQOXLLLU 


QC 300 L 1 . 


if 




if 


x*-* 
























if 




if 


K3: 








0 0 


0 




cr* 




00 


0 


0 


if 




if 










•— * ■4" 


0 








c^o 


0 


1 -^ 


















t— -1 




t— -1 




•—•(NJ 


0 


0 




























t— -1 


1 -^ 


OO 


000000 000 




OOO 




0 


1 



91 



ooo 

.-icNjm 

ooo 

ooo 

3Z>Z> 

2:5::^: 



oin 000000000000 0000000 0000000000 
'T vt in no r- 03 o o c\J m < 1 " > vO h- CO o ^ (M rn in vQ CO o (M m 

o o o o o o o ^ ^ ^ (M CM (M (M (\j c\j c\j (M (\j (M ro ro m m 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 



5: 2: 2: 5: 5: 5: 5: 2: 5: 2- ^ 5: 5: : 



15:2:5:5:^: 



■«■ 

•JJ* 

•K- 

-w- 

*5f 

•If 

*Jf 

-H- 

* 

■If 

■}f 

•Jf 

-Jf 

•Jf 

•If 

• 7 C 

•«• 

* 

■Jf 

■«■ 



•«• 

•«• 

•Jf 

•)f 

•)f 

* 

•If 

■«- 

•If 

•Jf 

■Jf 

■Jf 

•if 

•if 

■if 

•if 

■if 

^f 

•if 

■if 

* 

■K 

■if 

■if 

■if 

•if 



< 

X 



CC 

H ' 
< 



o 

LU 

o 

X 

<I 

CD 

o 

H-4 

cc 

H 

LU 



* 




•if 


X 




















■if 


z> 


■if 


X 




m 
















•if 




^f 


> 






















00 


^f 


00 




CM 
















^f 




•if 






w 
















* 


IL. 


•if 


< 




3 
















-if 




■if 






















-if 


2 : 


•if 


00 




















4f 


< 


* 


UJ 




















■if 


CD 


•if 


1— 1 




m 
















■if 




•if 


0 




»> 
















-if 


»» 


•if 


CL 


1 


in 


















IL 


•if 


l-H 


0 


f— » 


3 


««« 












■if 


0 


•if 


K 




(M 


1 


0 






2 






■if 


2- 


■if 


0 


X 




*-<4 






(M + 


w 








Z) 


•if 


3 


I 


00 


+ 


3 




»-4^ 


3 






•if 


2 : 


•if 


2 : 


< 




X 


■if 






^f 






^f 


W 


4f 




w 


. 


xo 






0 1 








■if 


»— 1 


■if 




CO 


in 


QX 






H2 








•if • 


0 


•if 


-J 


■if 


«--4 


5:3 






< 








■if 


3 


■if 


3 


0 


CM 


32 


3 




OCD 


2 






•if 


5 : 


•if 


- X 


< 


w 


2 


w 




020 








■if 




■if 




LU 


X 


-2 «- 


00 




t-* 


00 








UJ 


■if 


UJ 


CC 




r-4<r-4 


•i” 




^.-ICM 


•f 






•if 


2 : 


•if 


2 : 




2 : 


II CD II 


— 




\ II 








•if 


t — « 


•if 


•— 1 


f— 


0 


32i*C 


3 


LU 


®3isj: 


3 


XX 




•if 


K 


■if 


f- 




1— 1 




iw 


3 


Ow ^ 


1 


33 




•if 


3 


■if 


3q: 


0 


00 


oom 1 


X 


2 


XOO + X 


22 


2 


•if 


0 


•if 


00 




2 : 


(siZO^ II 


»— • 


•2— II 


•— IH - 1 


a: 


•if 


C3^ 


4f 


C3CH- 


0 


lU 






h— 


3'-i^ 1 




K“ h- • 


3 


•if 


CD 


^f 


coo 


CL 




2 33 


2 


ws: 33 


22 


f— 


^f 


0 


■if 


3LU 


X 


H - 1 


0 II 0 II 


w 


0 


X II 0 II 


w 


00 


X 


•if 


(/> 


•if 


oo> 


H- 1 


0 


020-JX 


0 


►-I002X 


00 


X 


•if 




■if 






















•if 




•if 


















00 




■if 




•if 












0 






,-lCM 





ooo 



000000000 o 



o o 



o 



o o 



92 



BIBLIOGRAPHY 



1. Adams, D. F., and D. R. Doner, "Longitudinal Shear Loading of a Uni- 
directional Composite," Journal of Composite Materials , Vol . I, 

No. 1, January 1967. 

2. Adams, D. F. , and D. R. Doner, "Transverse Normal Loading of a Uni- 
directional Composite," Journal of Composite Materials , Vol. I, 

No. 2, April 1967. 

3. Baker, D. T., and Foye, R. L., "Advanced Design Concepts for Advanced 
Composite Air Frames," North American Rockwell Corporation, Technical 
Management Report No. 2 , 1969. 

4. Bloom, J. M., and H. B. Wilson, Jr., "Axial Loading of a Unidirectional 
Composite," Journal of Composite Materials , Vol. I, No. 3, 1967. 

5. Ericson, W. A. , An Investigation of Initial Yield Surfaces for Uni- 
directional Reinforced Composites , Engineer Thesis, Naval Post- 
graduate School, Monterey, 1972. 

6. Felippa, C. A., Refined Finite Element Analysis of Linear and Non- 
linear Two-Dimensional Structures, University of California, Berkeley, 
Dept, of Civil Engineering, Report 66-22. 

7. Ford, H. , Advanced Mechanics of Materials, Wiley, 1963. 

8. Foye, R. L., An Evaluation of Various Engineering Estimates of the 
Transverse Properties of a Unidirectional Composite , presented at 
the 10th Annual SAMPE Symposium, Advanced Fibrous Reinforced Com- 
posites, Nov. 1966. 

9. Lin, T. H. , D. Salinas, and Y. M. Ito, "Effects of Hydrostatic Stress 
on the Yielding of Cold Rolled Metals and Fiber-Reinforced Composites," 
Journal of Composite Materials , Vol. 6, Mo. 2, July 1972. 

10. Lin, T. H., D. Salinas, and Y. M. Ito, "Elastic-Plastic Microstress 
Analysis of a Unidirectional Composite Under Longitudinal Loading," 
Journal of Composite Materials , Vol. 6, No. 1, June 1972. 

11. Lin, T. H., D. Salinas, and Y. M. Ito, "Initial Yield Surface of a 
Unidirectional ly Reinforced Composite," Journal of Applied Mechanics, 
Transactions, June 1972, pp. 321-328. 

12. Malvern, L. E., Introduction to the Mechanics of a Continuous Medium , 
Prentice Hall , 1 969. 

13. Sines, G., Elasticity and Strength , Allyn and Bacen, 1969. 



93 



14. Smith, E. A., Editor, Carbon Fibers , Morgan-Grampian, 1970. 



15. Tsai, S. W. , D. F. Adams, and D. R. Doner, Analysis of Composite 
Structure , NASA Contractor Report CR-620, Nov. 1966. 

16. Yamada, Y. , N. Yoshimura, and T. Sakurai, "Plastic Stress-Strain 
Matrix and its Application for the Selection of Elastic-Plastic 
Problems by the Finite Element Method," International Journal of 
Mechanical Sciences , Vol . 10, p. 343-354, May 1968. 



94 



INITIAL DISTRIBUTION LIST 



No. Copies 

1. Defense Documentation Center 2 

Cameron Station 

Alexandria, Virginia 22314 

2. Library, Code 0212 2 

Naval Postgraduate School 

Monterey, California 93940 

3. Asst. Professor D. Salinas, Code 59Zc 3 

Department of Mechanical Engineering 

Naval Postgraduate School 
Monterey, California 93940 

4. Professor 6. Cantin, Code 59Ci 1 

Department of Mechanical Engineering 

Naval Postgraduate School 
Monterey, California 93940 

5. Department of Mechanical Engineering 1 

Naval Postgraduate School 

Monterey, California 93940 

6. Ensign Jacob F. Wechsel berger, USN 1 

Church Road 

Moorestov/n, Nev/ Jersey 08057 



95 



UNCLASSIFIED 



DOCUMENT CONTROL DATA - R & 0 



ToRIG'naTING activity (Corporgkt9 axtthor) 

Naval Postgraduate School 
Monterey, California 93940 


2«. REPORT SECURITY CLASSIFICATION 

UNCLASSIFIED 


2b. GROUP 


3 report title 

Elastic-Plastic Analysis of a Unidirectional Composite Under Longitudinal Shear 


4 . descriptive notes (Type oi report and^lnclxtaive dctoe) 

Master's Thesis; June 1973 


5 . authOR(S) (Fit&i middle /nific/, loot name) 

Jacob F. Wechselberger 




«. report date 

June 1973 


70. TOTAL NO. OF PAGES 7b. NO. OF REFS 

97 16 


tS. CONTRACT OR GRANT NO. 
b. PROJECT NO. 

€. 

d. 


» 0 . OmGINATOR *8 REPORT NUMDER(S) 


Cb. OTHER REPORT NO(S) (Any otfiior numbore tfist may be Gsel^md 
thie report) 


10 . DISTRIBUTION STATEMENT 

Approved for public release, distribution unlimited. 


11*. SUPPLEMENT ARY NOTES 


12. SPONEORING MILITARY ACTIVITY 

Naval Postgraduate School 
Monterey, California 93940 



13. A&STRAC T 



The failure point of a unidirectional composite subjected to longi- 
tudinal shear loading is calculated. The method of analysis is based on 
the finite element technique, the incremental plasticity relations of 
Prandtl-Reuss, and the von Mises yield criterion. The failure point for 
a boron-aluminum composite and a boron-epoxy composite were computed to 
determine the effect of the matrix material on the composite. 



DD 



FORM 

NOV CB 

S/N 0101 -807-661 1 



1473 



(PAGE I) 



UNCLASSIFIED 



miBaaaasttm 



96 



iiecurHty ClasoUicution 



A-S1405 



i 



UNCLASSIFIED 



Security Clas sificotion 




■I 



Composite materials 
Laminates 

Reinforcing fibers 
Failure surface 
Micromechanics 
Macromechanics 




UNCLASSIFIED 



I 



Security ClaBsification 



A- 31 409 



145337 



isis 



VJechsel 

d" regional composite 

under 'ongi tud.nal ^ ^ 

NOV feh^r. 3 0 6 0 9' 

NOV 1 



Thesis 

W 3328 

c.l 



Wechselberger 

Elastic-plastic 
analysis of a uni- 
directional composite 
under longitudinal 
shear. 



thesW3328 

analysis of a unidirecti 




3 2768 001 95149 4 
DUDLEY KNOX LIBRARY 



